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DHISfttt Cd) feJiCFSK fe) tt> 
$ fifc 7 ~ * > L 2 . 

[»*^4 0 3 c f ) ^ i mti i"*ru*m&£ i r^x^^^^^nijt 
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(12) 0 0 1 -5 1 6940 

[0 0 0 1] 

Htfe co m ft * <r> a #M] 

£er>iMffSgte*dHBli, 1 9 9 7^9^1 7 Q K£M£*L /-Serial No.60/059 
,151 (i^fiStts *ID!ffl#fc**&4*lT</»*) U*tU *B4$imft3 5fll 
119^ (e) OTfS^^tt*, i<?>miP.{i. "System and Method for 
Monitoring and Controlling Gas Plasma Processes" (Serial No. 60/059, 151) 
h , "Electrical Impedance Matching System and Method n (Serial No. 60/059,1 
76) fcKBaiT i#» -o o 15L73<ommii s ? & £ . icoffiiii, "System and Metho 
d for Monitoring and Controlling Gas Plasma Processes" (Serial No. , 
Attorney Docket No.2312-742-6YA WO)*; „ "Electrical Impedance Matching S 
ystem and Method" (Serial No. , Attorney Docket No.2312-741-6YA WO) 

[0 0 0 2] 
[0 0 0 33 

©^7X7^1^ (plasma coupling element; £ J: 15 jgfcft& R F 

m.tJ i: £ & 0Jfc «£ JUJT, IH 1 A *J.-6 «fc t X£ 

Wife >v 5 tt, if^y^X^s&^-ri tTWUfe-rii Hi 1 b 

U^Sftfti^K* mM> "f" to 1 tiottffi 5 E 1 .. 5 E 2 ii . X 



(13) 4*si2 0 0 1 -5 1 6940 

[0 0 0 4] 

A is J: tfHi 1 B K:* $ ft* X i kz x ftfcli. H#AD 6 LTgkS^ v > 1 

X-7^^|r (flSx.^ ID 1 AUfiitia-f ^5 , il BK&*t6Sii5 E 1 , 
5E2) 'n&I&U £<0 7*7X^*g£-^J : fi. ft£ft3*-*;"*e>&* — 

^fH« (X^X-e^*£2> Cfc'/iT, ^-fi^ 7"^X^Ug)|H-r^ 0 ^tc, r^x 

v * r- A ii , m «W ft £ & m g§ ffi (matchi ng network) HURFl^J*^' 
f«, Miller & Kamonutf^?it7~*IS#5lr^5 , 3 2 5, 0 1 

g^LTv^ c ? A> (-Turner^ f#@#t^5. 5 7 6, 6 2 9fWi) . 
Cesche & Vey ($g#|fj|t5 , 0 2 5, l'3 5fW*t) > Patrick^ (£H& 
1*8* 5 , 4 7 4, 6 4 8 ) * i> ii 9 

[0 0 0 5] 

y^X-v{4 % Ltf L#, @3Ci^U J: 0 K, -^H^d (abnormal 
gl cw regime) - £ t T %} it & „ Tilf IE X f? X-*> <o MM - I.E#t^>- 31 & 

wT«»?ii4, i<oifean^^-c, mm&<vn&&£o ! < *>&&izi73^m 

t*, a*-«)E4H4«>— aE9"ti^^T±C*T-^ >^ (arcing) cdi£B&$ 
* S3ilHC*L«l«>^ ^ * L T - 4 > «* It 4S t- mm it t Hi* ( T 

y m (paver dissipation) trmi&ft (D'M^ k<i*>k 

UJ: *)T&&Zi\.Z>'&&t CgHIT, -/at A^I|«if«|@fiv * > 

[0 0 0 6] 

m^^r^ft fcli*<±t;3*>fl:^flt^ilfcL* (lav-severity) <of$1fi<DT- 



(14) 4**200 1 -5 1 694 

*y?tiK 77X^S&m^*7~J*<DJE^mft t P^&C2>7!)\ S^ittLS (high-s 
everity) j> T - # > J: 9 £$o &t&& Jfcii, ft9*iiT^ 

vere) 7-f^!i, fefyXf Acr>H l^i«fl(:}|g^x.^>: 

-> xfAU oi^T 54 , IMH fcfllJftS*** "3 # x. iti/ £ fz it t - * y y 

mmzmR-thtzib^. &ik-T&&mw&z-> 9 s^-f-Art^flitts** 1 , mm^ 

tfflJCD»lfcg3itf>iEBI«>A*: (Pitting) C 3*, iftiUiJ, > 

AfA| It &&&&& Zti&o 2*>iz s j§N^ V -J * (electrostatic chuck 

w j: «3 , 7 * - t^ip* fr*>w) n z t tz it® 

[0 0 0 7] 

WPl (4 at 14 at*) K*« I fcttn-»*-f X* 

[0 0 0 8] 

fc^T^fTSfc&o I. a- L J&lexPKMU gg£*i>& (conservative) fg 



(15) 4$sl2 001-5 16940 

mm * i i . v * t- A ^ 3 it tf'^' je # « m ttS % ffi t r * U o *i T -> * 

[0 0 0 93 

Oppelu Ji&tco < #114? I* £4 , 1 9 3, 0 7 O-^TO^) 

Oglo a*.<o4f SfrffiMii s tfemmJBE i3 <£ 0 s / i (ills £ ti £ CF 

fcttK*tff-9-K&lt ^^A<fif (anomaly) ^tSii: 
U» L , R i£eo Utto T ir» -5 o Tesdineru J: * * @4f HF 5 , 19 2, 89 
4 ^-MS. Anderson^; J: *^H#^^ 5, 2 4 1, 1 5 2 -5§-Sg*S», Drummo 
ndtc J: & * S#^^ 5 , 4 2 7, 6 6 9 fWi, Maasst* X & #S4f tttt 5 . 
6 1 1, 8 9 9 ^*S5 (*WIB»Ki5^T:Wf* " *8 9 9^4W ) £#M«> 

[0 0 10] 

^<<0«l*Ufe»t* ; F«ll5J:a r WI9<0W^«»b*U, tiMiHftlB (neural net 
work) tfm^btiT &fz Q *v*y?j&&9>Vlrfo (endpoint) t-^jpj-f* rze&iz 
*mfc&mKis^'ZW&®&to*m^2>ZhiZ'3\,*Xit* Maynard^-j; »), "PI 
asma etching endpointing by monitoring RF power systems with an artifici 
al neural network" (Elect rocbem.5oc.Proc., 95-4, pl89-207, 1995) £ % "Plasma 
etching endpointing by monitoring radio-frequency power systems with an 
artifi rial neural network" (J . Electrochem. Soc . , 143(6) ) t kZ J3 Xtm C h it 



<35> tt&2 00 1-5 16 940 

(reflected power) % Sf^tSJg^.: i3 »t <© 3 > f > -fift* Eag^-T r x £ t*> 
Pi S -£T n * o it-, , -x o y v - (ellipsameten * ;fr 

[ooi 13 

^b^I'^*!^ Logan, Mazza & Davndset; £ & "Electrical ch 

aracterization of radio-frequency sputtering gas discharge"CJ.Vac. Sci.T 
echnol. .6 ,p. 120(1968)) % Godyakt- X & "Electrical characteristics of para 
llel-plate RF discharges in Argon"(IEEE Transactions on Plasma Sci.,1901 
), p. 660(1991)), Sobolevjskit- £ & "Electrical characterization of radio-fr 
equency discharges in the Gaseous. . ."(J. Vac. Sci .Techno!. ,10(6)0992) )£ 

#02 to cLh* & &m.m$v m ^ fz^~ y^y y&m.w *) r ;w ? -f a ^j^ k m t x a 

% Fox & Kappuswarny (t^IJ^^ 5 , 4 7 9, 3 4 0 -%mmW) £#a,3oo ii» 
[0 0 12] 

Eit*?^ (oppsite sign) <omB ZtkM-tZ fc£><F> x Y y * I'T&t^t £ 
;ttCJ:Si, ?<7>&£$:W\m-rz><> zona, Teschner (^m^Wf^5, 
1 9 2, 8 9 4 ^mmm) , Anderson^ {^m^Vf^ 5 , 2 4 1, 1 5 2 

, Sturraer & Teschner (?fcg#i?fj*5 , 2 8 1, 3 2 1 ^m^) ^ D™m» 
nd (^H#ST.^5 , 4 2 7, 6 6 9^*S§> . Lantsman (*|1#I^5 , 5 8 

[0 0 13] 



*&we> s & « x 4f KRtft -ft x-^t-m ti -f ■=? x v^s^^ff 4 s k & '^t 

[0 0 14] 

gfcis J: a% mt$® mmXft- oo JS is n T ii-ft t it<& < L 4r n 

[0 0 15] 

> f co|££>pJt & J: cf/ £ ii * ft * <d tfefc^ffeftC, L S n 
*i ii75 ? -Cft«o ££t- % ~7~*v?%%<r>-f*L 7t -f >v (profile) 

y h n pg-r « ft * ams-c #*> wim * at* « «k * « s ta & 

fS^fclSiSU L, ? t , «kS<Z>i2Htttt ') T * * W ASUftl (near-real time c 
ontrol) £ £ £ &-9-£«>ti gi|$T& £ t j5 s T*S 3>« 
[0 0 1 6] 



(18) 4*32 00 1 -5 1 6 940 

gm*** & A 4> 0H * 4 it fc* A t & L T - * ^ it L T . -> x A ii g id 
[0 0 1 7] 

« r MiHUM'«-4»li J 5:^» i {>*W'f"4o £*tfc«>4WNi» ^->'7,f A(;j3'/> 
W ff L tfo** j: v> b# tc >• -f y * £^*tt«> {?> iz * y ffi-r & i 

[0 0 18] 

^ 9! «i v R F 7" 7 X v v - x <7>i!M1= ^ u r - ? <7) 4- & ft L til T * 

2o©55S5uo^Ta-<T^*o ^i«o^&«i> y^x^te-fr^ it^a*oa 



(IS) ftm2 0 0 1-5 16940 

ffl&%L (iltlil 3. 5 6MHz) T^X^UMeQlMBHB 

a co m&asss & s ; st u * » t -£> r - * v ?<r> m*L ti , mmmm m *n # u 

i3^*C|&£ Lf^oT, g&fttlit UBMBfcli* AllitflltftHK^i) 

coglj^ ( sub-band) T — ? £1fctii L j5*o -1 ft h<Oti £SFliS*f" 

A.tJ«0f-f *- V >^ (dithering) U#i-*lS&|t£#M<Ol£^£g§8aT& £ 

[0 0 19] 

- * , /< 9 * - * , V/it% (deposition) 

l"<*ifcliR Fv x^Aco#f§tU.t&CT^iW^r^t & @8S4lcofl|^ 

[0 0 2 0] 
[0 0 2 1 ] 



(20) ^2 0 0 1-5 1 6940 

RF4££it (RF-generated) 7? X~?$3 i m3:^ : r-f V y ■'«Offl%&t6&85 

i~7fi-fo RFfc.tJtt-cx^THU m 1 A X o 1 BU 

(£ft%*>X?X'?&&£-?li« BlAUfeit«3^5x BIB 

$ & $ 6 X 9 X -eSS-fr*^ tt . W ^ * v r - * K t V 7^itMi->ii 

) RFSt/a. ffiiB-*-* ^<7>^itfc2 KfinT^X^tfAL, »• 
■o, X?X-*tt, 7 ^ - 4 « J: t ^ JjBI^ i * o !i R F i^Jt / 

^ Ti&flrr * M * srr * -> x -f a K t> jgjflur « c t * *i « ^ £ 

[0 0 2 2] 

HI 2 i~&Zii<> X it:, KF V-A^^/7X^f^ISg^^ 

t-o^u, f >*tr- ^fx-ita-aiM^ ojj ? ffl«.'^a^o -r m ^ f i: . x?x 

X9X-eiS±ia»2 2<O r ^&< t i> KU»«-f* £. t fc „ 

x?x^i/t£&£^T4Mt?8£, - Kt:fftt*ljRW* k ^i:ii , 'C l 

iwUo^Xli, y7Xvg&lT (7- KM 4 ) , HE-frHRflO/- K 
(/-KN2. N3, £fc«N4) , »-frH»*K*«Sil^y- X* </-K 
Nl, N 2 ) > RFv'-a «y-KNl) <?> 0 *> con -fixfr i fz lia*-&*>-fr(C 

3 ii X n £ »«X ^ X v um.t) £ L £ i#» € o-fS-^iBfil*^ £ £*t 3fc<& £ £ 
t LTJIjv>TUi/», 



[0 0 2 3] 

s R F v- x«>ifc*J9*ftf rfcfcv»T*Sjfc*fr**i-&© * >- U 

*>*M*£ ii — ttfi9UMaLTvu5ri/»o-C. v i§**i. RFV- 

filJRgfcOJfclEBgufcfeoTflF^ELTi/*** J: K TO K , H5C 
yWfkCtiWg&^Bm- tSBl. SB 2) UJ3t*TAft.«o H 5 C * it* J: 
[0 0 2 4] 

OMHil II 7 7 (H 1 0 * J: ffH 1 1 ) H J: *? mm 3 ft&o SfcttF 5 L^SfeJfc^l 
[0 0 2 5] 

If&K, (2 1 lUS^UJ;^;, 7?X-<?iN»*iIii, R F«ifi*1W*p-r* 



[0 0 2 6] 

c^tti>, *e?n^-tii. xij h 1 1 o 2*-irLT£&§£ 

7 7 ArtHS5»*i* 0 7Ali, £^ O&^fr&a U 

sfro, LT^L'^rKt^fi-^-l-. 7*4 v*;W**- h 7 7 8 0 L Tt'&gk 

S&H7 7 B^jg&o ***ia«11 7 7B!i, fls©f > * h 7 7 9 0 £ 

•*LT^£m.?>iS!lf|i^S7 7 C-^o S£1N»M 7 7 C lis «ft*UWM[ 
m+J **- h 7 7 0 4 UJ3^T\ RF*»*MW^*fc^fl#*0M&-1-«<> 

7 B fi\ RFIilt^->t>L, R F^jS* * - >•* 7 U 
s R F l{gU J: (5 ft^l/ji i T U , mflWWM? 7CK 

ifeWiH'-Cl*,, HI1 2K5*$*l«tf£ L^***lK*^Ttt, ^&g£ 
7 7Ai±, £-fi-ft-t a£ 1- 7 7 0 2 U£'^T£M S ftfcT:?- D ^^fcf-f 
v**J&5tU£ft-r&A/D32»&7 7 A 1 *<, 7 - * > ^*^dJ/ 

•stiiK, ivp, A/DSfe»S7 7 A 1 OiB4RK«**a»l,»*, 

a/d&m&i 7 a i uHi-***»4g^ll»i6i*n*S 

to <f* v * JHg£U) *%&a£B7 7 B^ffi.tJ ?3t* 

o A/D£»£ 7 7 A lfcJiO' 7 7Bii, fcfeK, «*^ffl**c^ 

ii«x3.jv^s-^nwi:, aaf7-»j^sE» ifftj ti^ts 

i3i ^T&SiT^afe *J v jfr-o, David L. Nicholson^ J; 15 "Spread Spectrum Signal D 
esign " (£«>£fttt« ^''-7^ Kffln-; * fcf^eo Computer Science Press*- J; 

[0 0 2 7] 



(23) 42^2 00 1-5 16 94 

mi 3 ii, *&Wi~£&&&& 7 7 \<n>m<n%i&'®%*7r>~?o »7 7 AH 
. S-fim^A.t?^- h 7 7 0 2 i'-ihLT£ftfi#£if -IfB-f!lifl7 7 A 2 
^fc^T£M^*5$-f!lU ri-o, yimZtifzm j *ZA/D&mmW.7 7 A 3U 

[0 0 2 8] 

@14li, -t^ifl^S 7 7 A 2co£J§?£i»£^To M-UU ^ ^77 
4 5 f*jUji£>*!^ d<0* 9^ 7 7 4 5 miie^-t^x y^^CHi- 

fi-t^s SI&co*'* yrt-* (davnconverters) DCRi-DCR«Kii<r>*i 
, d ti. e><?> ^9 > ^ ^ *- * D C Ri - D C R« 14, f + ^*^7 7 6 1 -7 ?6 
n ££T<&*!k^-fi-t#~ f 7 7 6 0 K&'/'T ^ h (DC) Siirrfi 

^DCRi-DCRnli, Jaftgcx^ MKOS&^&fr f-T4'^*>. SfcfcBlHlf 
) £^'7 > =» h t*o HI 4 fi^-t^kS^H^ 3 >*^co#.£7F 

[0 0 2 9] 

HI Bits *&m& i:*A/Dt^S7 7 A 3<^^)l-^-fo d coW- T 
ii, r&JJ £ Jtifc (W^idT, ^7 > p v;t- h jl-^i:, * > * * 7 7 6 

1 - 7 7 6 nfr^T&aSlf-t'i*- h 7 7 6 0 frtf* LTgfi S it& 0 ^-7>-^> 
/<- h ?ft£-ff^ii, »7 + o^/f^ vHMSA/D 1 -A/D nti 
«£ i) ill5g S *t. C}i607tD7/f^ ^SA/D 1 - A/D nJi* IM 
f 4 * /HBsfC* f^>^i7 78 1 - 7 7 8 n S-ftS v * >V 
N 7 7 8 0 £-ihLTffes&T6<> El 1 5 liA/D&»«l:7 7 A 3«4o^ 
*>*}V<^/*£^l.T^&#, ft£oo&OA/D^&gU#j£1-£ftigeo&<^f- 
* > T <s J: v> ci £ a «B Q -Cab « 0 

[0 0 3 0] 

H6 Aii, * r '?^3y^-^|iia**ffli/»^ii*«'fr^>iW£»* Lugano** 



Set «r:^(:ffli^:t ifiX: £ & 0 7* 7Xv K« -fr $ it Eft * % £-ft Ztifzm 
^li, m?Li2, SS^fi|}V-^6 5 *u U*-MU, 3&i7u R 6* t 3 > f*> 

ft£IJB%& (RF) ift^fcfc&it* Jgg&f&Sg* (LO) fi-^ii. 

<OL OSB-?U3|^it*a 5*-*-<7>*ftaiII&§k (IF) afi^fc^e-^tt* 
KJEVofrittt'r&fca&U* JtSfcco (R«, C«a 7 * JV * iz ^ 

s #& * nx ^zmm&M ®m&<om™K & i7<y^mm-^^^<om. 
as^is n <4 , t* ^ x-* v '7s 7- a n & x r - * > ? £ # tb u n *t * fz & 

[0 0 3 1] 

4'fflv^T^7 >• 3>.'?-> LT<> «fci^ 0 -3 ttW&omtt, meBfc&ZH 

[0 0 3 2] 



T-o tzti><D* \ y 7 iMx. ff . V v * ) 5Civ»i3 oW/fX^S 

^^v-x-r^^^^fti-^o * 7 7tf> 1 cx7)i60ii7*>-/Ni'§^t«;if- 

* 0 #*0/?X-7g^fi, RFV-a (3 A, 3B, 3C) frhnt>Zg 

JS*ftU*nT, 1@^rUp^or^-C-*«a -f *VJ^*/U-^-3E»i (I EM) £iS 

^m^ii^m^^ia^ 13. ssmhzi x fcU->a-u{&<T<> £ 

^ <f?!lx.^ 5 0 0 kHz) Q @ 1 OOvX-fA^^Jt L.rm^?iXTi5>?. 
[0 0 3 3] 

mltT" <7 X-?%WmW 7 7fi, @2 0 K$fce£& fcjj* £ ^ y t: z*. - 7 v 7„ -f 
A-Cfe-pX^J:^ nyfa-^v^fA 1 1 0 OSi, ^ ^fi (CPU) 

110 6 (i- , ^ ^ r- A'tt^ y-r-<T&^ < > -f JVtt'^ ^f-fTAlI, D e 

c^t;V7t % I BMtt/* h D-7=Ti? ? ? P C) fc.y*')1108 (AJx. 
if, DRAM, ROM. EPROM, SRAM, 77r>iRAMif) ® 

nmntowms&inwsm'&w. Wx.&* as 10 ztz 

mm GAL^J: ^E/D^^APrf^FPGA) t £ti§;L£^-*- 

— K 1 10 4 £JK^T& ^^v'y^l 102t*LTn* o ? ^ ^ , X 
*Ui\ 3 > ti a - * v- x -7- A ii , fl* crM&®mm 8 0 A - 8 0 C (H 1 0 ) 
t>-M^*£rt&&fz&<OT^v y-7*-( -S? h-- (A/D) A.tU 1 2-6 

0 S&K, icon^t: a- 7tf\ 4»^:ftlUfllS1fi7 8 (H10) «t iHTf & £ a6<?> 
JHS#- H 1 2 S4'ft«„ :3>-b:^-7 1 1 0 Oli. HftoAJlSI (W*. 
UT, ^r — 4?— K 1 1 2 2 H X 7 * 1 12 4) £ , •* - 7 1 120 fclWiP"*-* 
fzV><D%7F?J~ K 1 1 lOt* ?^lf^ S *M~, 3 > C'a - 1 

1 0 0 JJ . 7 c -y f - f * 7 K 7 Y -f 1 1 1 4 t s til<0 V A - .'•/-'l' (remova 



(25) 4*3*2 0 0 1-5 1 6940 

ble) >f,'7g| (ffl&tf* 3 1 19s 

SJfcfvW SCSI TtrtiJiy/Ny^ h i de^) t-m 

1 1 1 9 iiC *7 1 \*il~7ri2tiTA^Z>i)K ■3>.><t> Y7-< a? 1 1 1 9t\ 
*tf< Lft^CD-R 0M K?-f 7*1*3 fc£«63fc» at*: t <> ti 

<&<> S^k:, JaM^r-v T*Hfcrauf /«-f ^/tx4fcttflj«>-r/«-f ^/<xu 
»a*itTn*on?, l l 0 Oil, igijpftK, ^/^Hf^^ 

ifsilifii 118. hf^^i^/i^i (m^^T) tfziz?> 

[0 0 3 4] 

Se<M£^ Brt£&*&fe (computer readable medium) J|fi c £. <7> J; ? # ^ y M 

3.~?K£*)Ufrf&L*)*rm%iM&<Dm±. vr* 1 119. k 

7>t?** 1 1 1 2 , 7D'yk'-fa^, x~7\ IKt^f 4 7. * , PROM 
(E PROM, EE PROM, 7?r/aRAM) . DRAM. SRAM^ift" 
2b £> o 

[0 0 3 5] 

w se»# * «.*•& *> * * <d iz mm. tux w * & -c. « . ^fa-M 
1 0 0 <r>^- h'*y ±Tt'fflffli.fr^>3 >m ^-y 1 1 0 o^AMOJ^-v-^sa 



(2?) 0 0 1-5 1 6940 

D7r^')y^ (spectral profiling) , tt&EHMHMflU 7tv-HR 4 
[0 0 3 63 

„ ^k-jf^Ahs^k'j-^U "d^^> (logon) " t& £ t 

•?tu<, ^ s w (omfco&mtzifx-z < . 9 ^ ^ e & tt * noKji <> 

8HSl-*-4h wi**-C**o IH2 0 l-JStf.© o fr** h ^yk'a-^fi, »3«>SS 
fr^K*^u— .* i it ? *iT ^ * nr e££ «JR SrlWR-r £ 
, C H ^ J? , amcSHt*Jife*^l'- * £x. t&Wt •£? * 

AfiU (CGI Scripts, ActiveX components, Javascript £--?-.&) WWW-f > 
[0 0 3 7] 

Ell O^r^X^JiSliilST 7 i^WSI? 8Uo^Tll, ^-<7>W 
gI^:ii«CH 5 t"l, £*t&y?X-=?W*ligil7 7iiJ:a r 4 J *ftO«iM7 
8 €>4kX <D$&ffc&m?T-t& si £ Hit ? §3 £ ft ^ § f -ife -6 o -t <7>M— 



[0 0 3 8] 

m 5 C Ujg*?*l« J:iK, £s 1 <7>giJw S B 1 K3$tf&7-* y ^ilfwg l ft 

&J:o c /£&a % I^k-^|r:ii^^il7 8 (BIO) 

^Zfrt'n o-K 158-*- & *yfef £?? o £ £ £ « 0 U l± , X^fWftgfi 7 

t «fc ti itojil 4> tCJlXH £ it ?~ f - * £ S Tf II £ t * f T? £<0 

•p x^-h s-ft r-^^m^xT- ^ y mm n as /mitt « <o u j: < i. x 

^ p >l/ * 7*n 7 t W »> > ?<F>t'~ 9 '<- xfttf) l M<^>^if r - * fcJt*M"* £ 

tcj;^ T^x^MtpggajPT-* > ^*^ai/ifr jtx-# » ? tsm? air 

»^«>^4-«^T, ■Jv.X^MfflmW.li. r-*^o«L? 
[0 0 3 9] 

bi 5 com^te^x. *fi$n.T^4*i*B i f r * & 2 sbb 

UJ:*UJ, it&mHM* SkirJ*«>-h£J£jttft (upper frequency) £ t)T73<?.)<£: 
ToMttttJbK* &*ja«&*S3-LT. DC^*6aW»f «O±55«0JH 
* ^-e J: n„ $ u , ft* jRttii , loa-^^itl-f LT & «£ 



[0 0 4 0] 

<7>M^fttf^&oTfi*>ftU-£-r*o Ax/tfiii. IEH&$!k3Ico|ig UH#> £ it. #■ 
IMIf + KSB« ? it * o ^ ? itT * iiC, #U BTS^co^ SA^tlTiJ 
„ &*0>mm<o*if><r>^**''*r~\ RFv~x«>JBifcJ!fc; fe^O 5 ^*^* 1 

*<, ^&<t>* V --^^fcOBSmti:, ^-/k'V? (static mapping) 
f*Cii:n, ^SHE&ipj!? 5 . n*3flfc*i~r*T-*}' 3Hfc frisk* 

IR^ft, ifr-o, M^-T'- * (training validation data) LTSEttS ft* 

o m&mwQLbM&K-* -/AfA^iH i fciemsft**, ifl^Jft^At/t 

WHEIMr * =f ') X A 4- fll JU*-f" * £ i § * * + 5*£ -f * 

ElBMflHo^TtfU ^v-£^SJ]/?£ffi-r*;~tf>K. T-*'sVmk~ 
[0 0 4 1] 



(30) 4*«2 0 0 1 -5 1 694 0 

fit, ^J:0 t /4fcttRHUM^-*fl!flUio^Tll, ^ 4^14+* 

fci*&C'&o'C&&) v (3) £ tomt^T-* yr&s.czi 

T^«^H^tii!5 5 -e§-&o 7-^ yy^^y FfcflHBSr-^jt-f 

M-r*««^J:o s /4fctt*IBf*iaia-r*ii:* f -CS&o 
[0 0 4 2] 

%coioj£UiHtt/f&?ft.fcRFa*o«*i«rii^^Ssa4^:tt -f* 
(dither) - nuJt«r* C t 3& s T~i & 0 «8>*>R F«a«*Sa*S>± £ 
fc£fie-?li, 7%'**- RFlASi^fe^Cfc - 

f» -f -V- $ ft&j&tfe-?" £ {4^&&o 1 '-^^HK *- L, a-^>. 

ffiR tftiKOWM Ott f <r ^- EESHs^frtSSlT <© £ i U £ t 9 , -> x r A Rtf>7 - 
* > ^* . £ «? »t £ £ £ 5& S T- £ £ 0 fll x. tf\ ft* 7 - * > /^|OT 

•r-fi. ife4/7X7g^E 1 K«*£3ii*m.?J* 1 %J9H S ^« i fc U J: *) 

[0 0 4 3] 



01) 4MI2 0 0 1-5 1694 

[0 0 4 4] 

-&ciiij& ? ^§s e ms tf® 9 U^S*ifcfl)£33'^Ti^ 3o(0/7Xvg^ 
& - 4 £ * 3» 7*" £#££t& -r- £ ft* ) o w<?> 
f^FF m^; tt-eti *>S & <> .1 coff!) & & #JHj&' 3 '?<r>W,jj I' '< )V<0«& 



<») 4#S2 0 0 1-5 1 6940 

x Afl|« Oi5«f & J: O 1 / £ * WffiffiT<fc*S* t L T £ IT. « T - 4r V V<0 
[0 0 4 5] 

m 8 is £ (fm 9^)f-^'<- U «£ *j. t£ „ §4-^)7? X^^frU 

tteo&fr) *«r&cJtfT^*««f- * ML h ;v • yo 7 t f *" h t 

SB7 0 3U^T, P*a s . 1 (£ fcli 1 B&SRF) 
it<y? *} S > N £ ft & o SPS 7 0 4 KiSHT, PiJ&*lSa£»*itflgir*-* 

cc co x^ ? h * . r d y r J )v a. , i ^w±oj|«Si*»ojii * w-f & ) 
mj se s 3t eft ?ii* 0 $6u, SR7 0 5tt, n&<om 13 v ^ >v * tem-r * 

SiL^^iro^) *#m-*-* at*© 7-*^*«4$dJS*Uitf. # 

JH«D-3JHtlig»7 0 7^iB** £1*7 0 7 1** ^eoj&L tf/i * 

<?><}:?£* **CittL^T— *^4 r 4-«tdl'*-*«)IH-jJ'lwe'C* «J#4, 



(33) ^2 0 0 1 -5 1 6 940 

KHiiX, 1 Oil, P^jft^-f (f f-^^-^^tl&iiit: 

7 0 3 ^i5^TP 2 ti:^<7>^i^ < ') >t > f ?ft£ 0 
[0 0 4 6] 

&l^7 0 7 Kfc'^TitfcL < a^^4-T-^>^ ? .^dl?*i-& T 
[0 0 4 7] 

&I5&7 1 6#$!T tfcSfcK, S»7 1 7 a s f k^oSHtrt 4 * 
P»0£&1ft£'?ffi#t£'Ott&*i& (ramped) 0 iJifcco "#7'-*y$ r " flftfi 

litf 703 *> s me 7 0 3ii, Pi fr2t*>tte »; ^ y y i. . a>o 

[0 0 4 8] 



(34) 4*S2 00 1 -5 1 6 94 0 

tWK"*-*fc»c**i-*o «»«-c*^nar, ->x-f Afiare 7 o 2^se»?, 

^HtfiBfefeftfte PiTP-eaflfc&ttK&fttf^ -/xf are 7 1 3 

.* - * UHt*ift4«8«)Tttx h £££ «5 iSTo--i: > '? *-**U^f-T * tztb 
Uf£-4t" * „ -e 0 X"& ft fi\ SPif 7 1 4 ti J3 d>Ta«l * Skj^TCS&J&^M S ft , 

o, are 7 o i 'sg* i t ») t^x h^^^^n^o fa<Dt?<DJ*?* - * ^ 

#iHii»-Tr* (are 7 u) <, 

[0 0 4 9] 

ifui£<7>f-x ItOR F«Sff*HOT-C-> 'Xf A£f x 

ft-l*<0JBE*K RFte1S> j^crf i*®,^?*-* 

*/«SlfiT) "C* « ? t« - * <7>ffi* Oi!fe^Tt\ v ^fA^f^ Kf ft i 
f-^fc^^^ii^-cis ^ *l J: to ^ T-*y^feu*4"C, Icfi 

, t - * y j: >» mm t t ti im i < £ & 2 -c^fT-r * - t ^ * are/-^- 

tc* >••?■ f >x£^£Tft Ctj3 5 T-§.& 0 
[0 0 5 0] 



w§§ t -> x f A ft «i« II K 4 £ * ^ i* i fr^m-r* vi^i)^ £ £ ft 
& A: ft « 

[0 0 5 1 ] 

- & « * seta "T « ti ft U > * -f A f £ co v x f - A co fz ft U f - ¥ - 7. # ^ it 
T^i) tf ? fiJfflSft6£: IK, 7"^;<^u;£^*ft£iaiiS;^£M^£g-t<7> 

T&tlftiZ . f- * ^ - X C ISIt S ft /^a^KOT. -"C * h JV • y D J t •< >'KO$a £ 

Jt«Sft<& 0 *ifcifl<OjHRtofc4?«fcJ:ftU\ ft 

'/> X „ #110 j&31 £ fzltr- fem ft KR^TZ tc ft i~m^2> £k & 

n<t o ftf- ft ft 5/^f-Af>*RH«)tttfe*, ft8BB4Ht&liia 

iff to&4HK U <t ft i*. tt&Bftffi i fi f- * x ? * $> *> K S £ 
*l*^Ji(U«WttLfc0*»^x h#Hi (daily test procedure) (;c-^t{i, 

^^-xj5±#Hiu»1ttLTv»T^J:^o **v^»i4fc, a f- x h fi: , 

Bfkt&^^y^mt. £*^nm*&m*y y<oTx^7^A>tTKh 



05} <HS^2 0 0 1 -5 1 6940 

LTtJiw) o ffljL&s Pi, Pz, P 3 (0^iUoi-^{Js £ *) M^mi-ffctZ. 
LXi>£<* fr^/$iz\t. Pi. P 2 , Pj^i^tUo^Tfi, J: * fl; <#* l"< 
n-H^Se UU<, iJUii:*}, >*-fAii % BUttf * f 
- ^t^iu g -o £ *) <i 'h&m <r>mti I"* mfcfcotfAMf it £ 
Pi.. P* r PaS^B-tlfc-f * h^MI^U&^T-f V ^ > )- 

[0 0 5 2] 

&*i/»li4fc. feWfo-r* h^M&, 1 0 1 HELL 4 r;(^iiWT©iSt^ 

4 ii^ffcfc r - * > r<D*r&te&£ -f d 7 t -f * u J: *> 

4 t - * > ^eo Hfltel*** J: # < fffl&f &Zk*ifvy t < )VWm~f t % iz „ ^ 

[0 0 5 3] 

9* SUMMIT ir»*t»J\ ^SL^ftix-^* Mb • /D7r-f JVJi, ^fC^ 
£ & t - * y ^-fl f^WoTw**, 4fcid\ 7-*y/flHA<*L , Cn 
«<T<>J:^ 0 Lsfr-lfc* 1 ^ 4f5e«0»as& 1 * afeiirilfe*»«>T-*>'^* , ft4 
-p t ( routinely) «fet*«t^C»t<* l- '< * W t~tft £ 

U iliRl) £ it , JH«»«>!S ft i L T © it* *£{5^ eo fJ) % 2 ft mm li •> r- * * 



(3?) 4ME2 00 1-5 189 

[0 0 5 4] 

<7>#g£c? rt i5 £ V "f X h 14= K |§ S tH JS^gll $ S ilT '/> £ frt tl It f - ? ^ ^ X 

. -€-*i.-?-*3i, ailS^OEiKiiJtST-^^^Co^TiJ, E * <?> -f > 
* /SSi ») # 4< d&S * £ ft * i * £ * l- • - 9 £ ^fl % & £: * U fiJ S -C § & , h 

[0 0 5 5] 

#fg^<7> * h ;v . y n 7 t ^ £ 6 4 «> flMIK £ ft*^ 3 

» 3t & 1"* )Voflltro«i[«jtf- * x rt*>#*B t L * >t ittf ) , 7*? 

[0 0 5 6] 



(38) f*si2 0 0 1 -5 1 6940 

IRSftT'^ftff, h</M8t*> i Wte2fL& <f£Pif9 18) o VOL 

h<7>&£#*> Ftoitt, JB«o#a»«4afitii4fc 

[0 0 5 7] 

u (tP&9 2 0i:^^T) fllufcft, i<0HIl"<Jl'{i, ifcffi* ftr.::/cr 7 r W 

nopia* s n tz -f d 7 t < & & h iris, a >t st ft -o & #■ * se^-r *> # n , &x~ 
, ^ai'*ftfce#coa*<oa«2fc*»'o*«i* $ . f-^^-^pju^-rt 

[0 0 5 8] 

g[£9 2 4 K&'^T, WOW 1 - 3 *$kfe*?2>ti*>k~T-*V 
tfMg^Sft-T^fctffttf, W^lHttrSMluaJSSft.* sfro, #!liii:^9 0 1 
-Niltfo SI* 9 0 U^T, Mtty-9X^ftU*l*jiUJ: i5£€3*U 

v>T, .^tU?ft^ Cr**?^ jUa^ftrw) /B77^H^n (&F&9 0 

?ti^/D7r f)* 7 r ~*"C'-X*>fe$*3ft« C©»9 0 3) o 

&znfz (n^*>, »ft$ftfc) JHftjfe)*^© "^di^ft^" mi*, aes 
ftyts*fiSf-^^€>«>. mm? ft* asseSftfc) jRiwa^fts 

Sft-o (gR9 0 4), ttfcMtiU #ieJIli£&OsU^K#£ST& 



(39) 45^2 0 0 1 -5 1 6940 

nrzT - y ^m^<r>mmt<Dm<ou^ tare 9 o 4 K^'TftfiHtw*) 

[0 0 5 9] 

i«t§i#A«;t^<, ^JBttft*9 1 1 fit* 1^ 

>v£2§*.fctf ? , ^2?|!Sl-'<^4-^x.Tv>^»t*U? (ft*9 0 6) s ->7fifl ! 
i! *> < >:r 7- > x * "I"* V i£*l£tf ? <lb £ t v> o * * 

(S19 1 3) o flBS^Ji^Wt^sft'RJgiWtttJa:^ .("!-«:*> %s ft 

„ y^f Aal^U^>ft^AH«IiLT^«i'/>TS§^4jtl3iU (ft 
*9 1 4) o £ H: J:oT»iT-*>^ittLSi**»f»*^x.*i»ri!fett* 1 ** ( 

*K :&3» J 1?itSii& (ft IB 9 1 0) o 
[0 0 6 0] 

8£>3KftlB*:*j5 3ii*o #->«>ll»naicHf»T CSPB 9 0 0 6) , t-*> 
r-f^cy Ko&±£0b& f 3!ISS?*.* (ft* 9 0 1BJ * BrfeoSB 1 

if (ft* 9 0 5B) x ¥ISSift*9 0 6B-v5iir* -td"Cft»tft 
If, ^JliJi&TT* (ft* 9 12B) « ft* 9 0 T - * > *r -f 'O' KB 

SfSSft 1 l-^JVi: 19 <»»^9rS£©*2 Vikt&jLtifrZ 3 * Bf "J"* 

0 7-*!X^£0Ej&«»2 W<n>*jB;tTl/»&»t*Uf^ — ^iis >*-fA;6* 

H^OVft^Al-i^tf^Bi &1&A<& ikwittt^ftii ( ft * 9 

1 3B) » #JRliftT"#-* (ft»9 1 2B) o ft* 9 0 6BKfc^T\ T 
-^fi'M'^ H3S*3ft f *2 l"** ^M*i9 0 8 B^il^> ft* 9 



(40) 4*3*200 1 -5 1 6 94 0 

0 8Bii, t~*>7<{ '<y Ym&t&* ffifZ&2 u^nux «5 i>M , '*ffifc<n& 2 v 

+ >X*>&Wt LTi/^t^oSft* 1 *^^- *£#;Lfcft (SPI9 14B) . 
a-o, #|i^Tf«» (ft»9 1 2B) o J'^-f K«£j& f £F3 

ft, ^o, 7"?X-vSHipg»H* ^©Sj(jW»SI*» 1? 

S®9 1 OB) o 
[0 0 6 1 ] 

4SitSc»KS^*ii:« { fl«, #JB«>IHfc [|II9 0 0 G) Clo'^t 
. •ft-f-Ji, /7X7llKi(:$IMi, 7*vX^^J5ip^afi:, £MSft**g-5|- 

<nm*<Dm$&t&%'<r>m&*m&i. (SH9oio , ike coasts u 

i-J^T, #ttJ3ftfc WSSiifc) yD7T^**iit« (K» 

9 0 2 C) o f- * * WL 3 ftfc 7*D 7 7 -f >V t #&T& ffiiac 2 ftfc 7" 

**la:«-?«> 1 mm&o&ffipw) & 1 flaseftsfcs-o, $ 1 <o®t& s ft** 

jtWE-riiir^'c**© *e>u, £fl3ftfce#eoa*oja«&&#eoifMi** 
a > m mm<om^ u *t s&r & -r - * * * ^ « «i 4 jt « ^ t w -e £ * <> 

[0 0 6 2] 

&lh 3 31 fz -f n 7 7 4 )V ML &&-t*> , fam ?K/:/d 7 t -f ft ft 



v*l> 4$S2 0 0 1 -5 1 6940 

T-*yrmi&K.MT 7->frhgf&$ ft-6 (RB9 3 6 C) 0 

3 J: *?stfcU-*7- * c-y^^i 

) L*. S ®t La^ t - * t t 3 00 k^A- ££gSUT<& C h 

T-^^oBlHUU t-*^*£L*.S •e-ftftttSSK&CSU #0* 

u> ^ttc^j^s^^msu-r-s i t k ±*> fte? ft»a<> msij ? *l&as-km 
is l f*- 7^ maii^u^^ft^f-^ 

Uowrii» Rj6IStC#^n>!:f-^4f^ h*U»6ftfcr- ? tJti^T 

«&BK#ftU ib^ZtyK., Sbmi U ft »•> ft ? f Af^:f^ 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] (a) Chamber (b) and (i) power source, (ii) Reception and said power for the power from said 
power source The inside of said chamber The plasma joint component supplied to a plasma field Plasma 
generating circuit which **** (c) Converter for obtaining an input signal from the circuit combined with 
said plasma field (d) in order that said input signal may detect arcing The plasma system characterized 
by providing the processor forjudging whether it has a component in a predetermined frequency band. 
[Claim 2] Said processor is a plasma system according to claim 1 characterized by providing the neuron 
network for detecting arcing. 

[Claim 3] Said transducer is a plasma system according to claim 1 characterized by having a means for 
determining the location of an arcing event. 

[Claim 4] Said converter is a plasma system according to claim 1 characterized by having a means for 
judging the violence of arcing. 

[Claim 5] Said converter is a plasma system according to claim 1 characterized by having a monitor 
means for detecting arcing when the amplitude of the frequency component of said input signal is 
supervised and said supervised amplitude exceeds a predetermined value. 

[Claim 6] Said converter is a plasma system according to claim 5 characterized by having a monitor 
means for detecting arcing when the amplitude of the frequency component of said input signal in the 
frequency except the fundamental frequency of said power source and the harmonic frequency of this 
fundamental frequency is supervised and said supervised amplitude exceeds a predetermined value. 
[Claim 7] In order that said converter may supply the selected sub-band signal, it has a means for 
obtaining said input signal to have a means for permitting the component of said input signal. Said 
component is a plasma system according to claim 6 characterized by being in said predetermined 
frequency band. 

[Claim 8] Said converter is a plasma system according to claim 7 characterized by having further a 
means for said input signal judging that it has a component in said predetermined frequency band when 
said selected sub-band signal exceeds a predetermined value. 

[Claim 9] The means for permitting said component is a plasma system according to claim 7 which has a 
down converter circuit for carrying out the down convert of said component, and is characterized by this 
supplying said selected sub-band signal in order to supply one of lower signalling frequency and DC 
signals. 

[Claim 10] Said plasma system is a plasma system according to claim 1 characterized by being a semi- 
conductor processing system. 

[Claim 11] Said system possesses further the signal sensing element for obtaining said input signal from 
said plasma field. Said converter is a plasma system according to claim 1 characterized by obtaining said 
input signal from said signal sensing element. 

[Claim 12] said converter - the [ of said input signal ] - the [ of the component detected / 1 ] - the [ the 
amplitude detected / 1 / and / of said input signal ] — the [ of the component detected / 2 ] — the 
amplitude detected [ 2 ] — measuring — the [ said ] — the component detected [ 1 ] the inside of the sub- 
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band of the 1 st predetermined frequency ~ it is - the [ and / said ] -- the component detected [ 2 ] It is in 
the sub-band of the 2nd predetermined frequency. Said system the [ ] - the [ the amplitude memorized / 
1 / and ] — with the memory for memorizing the amplitude data which have the amplitude memorized 
[ 2 ] — the [ said ] - the [ the amplitude detected / 1 / and / said ] - further with the 1 st comparison with 
the amplitude memorized [ 1 ] The central processing unit for performing the 2nd comparison with the 
amplitude memorized [ 2 ] is provided further, the [ said ] - the [ the amplitude detected 121 and / said ] 

the [ said ] - the amplitude memorized [ 1 ] - the sub-band of said 1st predetermined frequency - 
corresponding — the [ and / said ] — the plasma system according to claim 1 characterized by the 
amplitude memorized [ 2 ] corresponding to the sub-band of said 2nd predetermined frequency. 
[Claim 13] said amplitude data - the - the [ the amplitude memorized / 3 / and ] - the amplitude 
memorized [ 4 ] — further — having - the [ said ] - the amplitude memorized [ 3 ] the sub-band of said 
1st predetermined frequency — corresponding — the [ and / said ] — the amplitude memorized [ 4 ] the 
sub-band of said 2nd predetermined frequency — corresponding — said central processing unit — the 
[ said ] — the [ the amplitude detected / 1 / and / said ] - the [ the 3rd comparison with the amplitude 
memorized / 3 /, and / said ] — the [ the amplitude detected 121 and / said ] - plasma system according 
to claim 12 characterized by performing the 3rd comparison with the amplitude memorized [ 4 ]. 
[Claim 14] the [ said / the 1st and ] - the plasma system by which the amplitude memorized [ 2 ] 
receives the arcing violence the 1 st was remembered to be — corresponding — the [ said / the 3rd and ] — 
the amplitude memorized [ 4 ] It corresponds to the plasma system which receives the arcing violence 
the 2nd was remembered to be. Said central processing unit is a plasma system according to claim 13 
characterized by determining the detected arcing violence according to said 1st, 2nd, 3rd, and 4th 
comparison. 

[Claim 15] the 2nd plasma joint component which receives the power from said at least one power 
source — farther — having — the [ said / the 1st and ] — the plasma system which receives arcing which 
produces the amplitude memorized [ 2 ] by said 1st plasma joint component — corresponding — the 
[ said / the 3rd and ] - the plasma system according to claim 13 characterized by for the amplitude 
memorized [ 4 ] to correspond to the plasma system which receives arcing produced by said 1st plasma 
joint component. 

[Claim 16] the [ said / the 1st and ] - the plasma system by which the amplitude memorized [ 2 ] 
receives arcing in the 1st arcing field - corresponding — the [ said / the 3rd and ] — the plasma system 
according to claim 1 3 characterized by the amplitude memorized [ 4 ] corresponding to the plasma 
system which receives arcing in the 2nd arcing field. 

[Claim 17] The plasma system according to claim 16 characterized by providing further the 2nd plasma 
joint component which receives the power from said at least one power source. 

[Claim 18] said central processing unit Detected arcing violence Detected cause of arcing which is one 
of said 1st plasma joint component and said 2nd plasma joint components the detected arcing field and 
** — plasma system according to claim 12 characterized by providing one of the profilers for using a 
neuron network and said 1st and 2nd comparisons in order to determine one. 

[Claim 19] The power control unit for controlling said at least one power source is provided further. 
Said power control unit When said central processing unit judges whether it is potentially [ of said 
detected arcing violence, said detected cause of arcing, and said detected arcing fields / one ] harmful 
The plasma system according to claim 18 characterized by reducing the electric energy supplied by said 
at least one power source. 

[Claim 20] The power control unit for controlling said at least one power source is provided further. 
Said amplitude data the 3rd memorized amplitude and the 4th memorized amplitude — further — having 
— the [ said / the 3rd and ] — the amplitude memorized [ 4 ] It corresponds to the sub-band of said 1st 
and 2nd predetermined frequencies, respectively. Said decision means The amplitude memorized [ 2 ] is 
measured, the [ said / the 1st and ] — said power control unit on the other hand In order to supply the 1st 
power level, said at least one power source is controlled. Said decision means The amplitude memorized 
[ 4 ] is measured, the [ said / the 3rd and ] — said power control unit on the other hand In order [ 2nd / 
said ] to supply the 2nd power level working, said at least one power source is controlled. Said plasma 
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system is a plasma system according to claim 12 characterized by impressing said 1st and 2nd power 
level according to predetermined sequence. 

[Claim 21] Said central processing unit is a plasma system according to claim 12 characterized by 
providing the comparator for using said 1st and 2nd comparisons in order to determine one of the 
location of arcing violence and arcing, and the frequency of an arcing event. 
[Claim 22] Said central processing unit is a plasma system according to claim 12 characterized by 
providing the detector for detecting two or more arcing events in a certain time amount, and measuring 
the die length of said time amount, and determining the number of said two or more arcing events, and 
this determining the detected arcing event frequency. 

[Claim 23] In order to supply the 1st power level to said 1st plasma joint component, said power source 
is controlled. And the power control unit for controlling said power source, in order to supply different 
dither-ed power level from said 1st power level to said 1st plasma joint component is provided further. 
Said transducer means measures the dither-ed amplitude of the dither-ed component of the dither-ed 
reply signal resulting from said dither-ed power level. Said dither-ed component It is in the sub-band of 
said 1st predetermined frequency. Said converter arcing violence of which detection was done Detected 
cause of arcing which is one of said 1st plasma joint component and said 2nd plasma joint components 
the detected arcing field and **, in order to determine one the [ said ] - the plasma system according to 
claim 12 characterized by providing the comparator for comparing the amplitude detected [ 1 ] with said 
dither-ed amplitude. 

[Claim 24] It is an approach for detecting arcing in a plasma system. By impressing power from the 1st 
power source to the plasma generating circuit which has the 1st plasma joint component Phase which 
generates a plasma field Phase of obtaining an input signal based on said power impressed from said 1st 
power source By judging whether said input signal has the component in the predetermined frequency 
band The approach characterized by providing the phase of detecting arcing. 

[Claim 25] Said detection phase is an approach according to claim 24 characterized by providing further 
the secondary phase of detecting arcing when the amplitude of the frequency component of said input 
signal exceeds a predetermined value. 

[Claim 26] Said secondary detection phase is an approach according to claim 25 characterized by 
detecting said frequency component in the frequency except the fundamental frequency of said power 
source, and the harmonic frequency of this fundamental frequency. 

[Claim 27] Phase of obtaining said input signal Phase which samples said input signal in order to reduce 
the received analog signal Phase of changing said received analog signal into a digital input signal 
Approach according to claim 26 characterized by providing the phase of changing said digital input 
signal into a frequency band using a fast Fourier transform. 

[Claim 28] Said conversion phase is an approach according to claim 27 characterized by providing the 
secondary phase of judging when the amplitude of a frequency band signal exceeding a predetermined 
value. 

[Claim 29] The phase of obtaining said input signal is an approach according to claim 24 characterized 
by providing the phase which carries out the down convert of said input signal in order to supply one of 
lower signalling frequency and DC signals. 

[Claim 30] The phase of obtaining said input signal is an approach according to claim 24 characterized 
by providing the secondary phase of obtaining said input signal from the signal sensing element 
combined with said plasma field. 

[Claim 31] said detection phase the [ of said input signal in the sub-band of the 1st (a) predetermined 
frequency ] — the [ of the component detected / 1 ] — with the phase which measures the amplitude 
detected [ 1 ] the [ of said input signal in the sub-band of the 2nd (b) predetermined frequency ] - the 
[ of the component detected / 2 ] — with the phase which measures the amplitude detected [ 2 ] (c) — the 
[ corresponding to the sub-band of said 1 st predetermined frequency ] — the [ corresponding to the sub- 
band of the amplitude memorized / 1 / and said 2nd predetermined frequency ] - the amplitude data 
which have the amplitude memorized [ 2 ] with the phase memorized in memory (d) — the [ said ] — the 
[ the amplitude detected / 1 / and / said ] — phase which compares the amplitude memorized [ 1 ] (e) - 
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the [ said ] - the [ the amplitude detected 111 and / said ] -- approach according to claim 24 
characterized by providing the phase which compares the amplitude memorized [2]. 
[Claim 32] (f) the [ corresponding to the sub-band of said 1st predetermined frequency ] - the 
[ corresponding to the amplitude memorized 131 and the sub-band of said 2nd predetermined 
frequency ] — with the phase of memorizing the amplitude memorized / 4 (g) — the [ corresponding to 
the plasma system which receives the arcing violence the 1st was remembered to be / the 1st and ] — 
with the phase of memorizing the amplitude memorized [ 2 J (h) — the [ corresponding to the plasma 
system which receives the arcing violence the 2nd was remembered to be / the 3rd and ] — with the 
phase of memorizing the amplitude memorized [ 4 ] (i) - the [ said ] - the [ the amplitude detected / 1 / 
and / said ] - with the phase which compares the amplitude memorized [ 3 ] (j) - the [ said ] — the [ the 
amplitude detected 121 and / said ] - phase which compares the amplitude memorized [ 4 ] (k) - 
approach according to claim 31 characterized by providing the phase of determining the detected arcing 
violence, according to said phase (d) 5 (e), (i), and (j). 

[Claim 33] (f) By impressing power from said 1st power source to said plasma generating circuit which 
has the 2nd plasma joint component phase which generates said plasma field (g) — the [ corresponding 
to the sub-band of said 1st predetermined frequency ] — with the amplitude memorized [ 3 ] the 
[ corresponding to the sub-band of said 2nd predetermined frequency ] — with the phase of memorizing 
the amplitude memorized [ 4 ] (h) - the [ further corresponding to the plasma system which receives 
arcing produced by said 1st plasma joint component / said / the 1st and ] — with the phase of 
memorizing the amplitude memorized [ 2 ] (i) ~ the [ corresponding to the plasma system which 
receives arcing produced by said 2nd plasma joint component / said / the 3rd and ] - with the phase of 
memorizing the amplitude memorized [ 4 ] (j) - the [ said ] - the [ the amplitude detected / 1 / and / 
said ] — with the phase which compares the amplitude memorized [ 3 ] (k) — the [ said ] — the [ the 
amplitude detected 121 and / said ] — with the phase which compares the amplitude memorized [ 4 ] (1) 
Approach according to claim 31 characterized by providing the phase of judging which [ of said 1st and 
2nd plasma joint components ] having produced arcing, according to said phase (d), (e), (j), and (k). 
[Claim 34] (f) the [ corresponding to the sub-band of said 1st predetermined frequency ] - the 
[ corresponding to the amplitude memorized / 3 / and the sub-band of said 2nd predetermined 
frequency ] - with the phase of memorizing the amplitude memorized [ 4 ] the [ corresponding to the 
plasma system which receives arcing in the (g) 1st arcing field / the 1st and ] -- with the phase of 
memorizing the amplitude memorized [ 2 ] the [ corresponding to the plasma system which receives 
arcing in the (h) 2nd arcing field / the 3rd and ] — with the phase of memorizing the amplitude 
memorized [ 4 ] (i) - the [ said ] - the [ the amplitude detected III and / said ] - with the phase which 
compares the amplitude memorized [ 3 ] (j) the [ said ] - the [ the amplitude detected 121 and / said ] 
— with the phase which compares the amplitude memorized [ 4 ] (k) Approach according to claim 31 
characterized by providing the phase of judging in which [ of said 1st and 2nd arcing fields ] arcing 
arising, according to said phase (d), (e), (i), and (j). 

[Claim 35] (f) From the 2nd power source, by impressing power to the 2nd plasma joint component of 
said plasma generating circuit phase which generates said plasma field (g) — the [ corresponding to the 
sub-band of said 1st predetermined frequency ] — with the amplitude memorized [ 3 ] the 
[ corresponding to the sub-band of said 2nd predetermined frequency ] — with the phase of memorizing 
the amplitude memorized [ 4 ] (h) — the [ further corresponding to the plasma system which receives 
arcing produced by said 1st plasma joint component / said / the 1st and ] — with the phase of 
memorizing the amplitude memorized [ 2 ] (i) — the [ corresponding to the plasma system which 
receives arcing produced by said 2nd plasma joint component / said / the 3rd and ] — with the phase of 
memorizing the amplitude memorized [ 4 ] (j) -- the [ said ] — the [ the amplitude detected / 1 / and / 
said ] — with the phase which compares the amplitude memorized [ 3 ] (k) — the [ said ] — the [ the 
amplitude detected 121 and / said ] — with the phase which compares the amplitude memorized [ 4 ] (1) 
Approach according to claim 31 characterized by providing the phase of judging which [ of said 1st and 
2nd plasma joint components ] having produced arcing, according to said phase (d), (e), (j), and (k). 
[Claim 36] said phase (d) and phase (e) Detected arcing violence Detected cause of arcing which is one 
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of said 1st plasma joint component and said 2nd plasma joint components the detected arcing field and 
** ._ approach according to claim 31 characterized by providing the phase of determining one. 
[Claim 37] The approach according to claim 36 characterized by providing further the phase of reducing 
the electric energy supplied by said 1 st power source when one of said detected arcing violence, said 
detected cause of arcing, and said detected arcing fields is potentially harmful. 
[Claim 38] The phase of impressing power from the 2nd power source to the 2nd plasma joint 
component is provided further. Said phase (d) and phase (e) Detected arcing violence It is one of said 1st 
plasma joint component and said 2nd plasma joint components, detected cause of arcing the detected 
arcing field and ** - approach according to claim 31 characterized by providing the phase of 
determining one. 

[Claim 39] Phase of detecting two or more arcing events in a certain time amount Phase which measures 
the die length of said time amount Phase of determining the number of said two or more arcing events In 
order to judge the frequency on which the arcing event was detected Phase using said die length and said 
number Approach according to claim 3 1 characterized by providing further the phase using the 
frequency on which said arcing event was detected in order to predict one of future arcing severity and 
future arcing event frequency. 

[Claim 40] (f) In order to provide said 1st plasma joint component with the 1st power level Phase which 
controls said 1st power source (g) Phase of obtaining said input signal to said phase (f) and coincidence 
(h) in order to provide said 1st plasma joint component with different dither-ed power level from said 
1st power level Phase which controls said 1st power source The phase of acquiring a dither-ed [ (i) ] 
reply signal from said plasma generating circuit to said phase (i) and coincidence, (j) The phase which 
measures the dither-ed amplitude of the dither-ed component of the dither-ed reply signal in the sub- 
band of said 1st predetermined frequency, (k) Detected arcing violence It is one of said 1st plasma joint 
component and said 2nd plasma joint components, detected cause of arcing the detected arcing field and 
** -- in order to determine one — the [ said ] — approach according to claim 31 characterized by 
providing further the phase which compares the amplitude detected [ 1 ] with said dither-ed amplitude. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] [Reference of application under other coincidence connections] 

Serial No. 60 which applied for this un-pro visional application on September 17, 1997 / 151 (these 
contents are included in this specification) ~ receiving — an United States patent method — priority is 
asserted under piece [ 35th ] 1 19 articles (e). [ 059 and 151 ] This application relates to "System and 
Method for Monitoring and Controlling Gas Plasma Processes" (059 Serial No.60/151) and "Electrical 
Impedance Matching System and Method" (059 Serial No.60/176). In application of both sides, this 
application relates to "System and Method for Monitoring and Controlling Gas Plasma 
Processes" (Serial No. and Attorney Docket No.2312-742-6YA WO) and "Electrical Impedance 
Matching System and Method" (Serial No. and Attorney Docket No.2312-741-6YA WO) further. It 
applies for both sides on this specification and the same day, and these applications are included in this 
specification as reference. 
[0002] [Field of the Invention] 

Concerning plasma generation system, this invention is applicable to the system using the plasma, in 
order to process a substrate more like [ a detail ] a semiconductor wafer. 
[0003] [Description of the Prior Art] 

In many electric apparatus or solid-state manufacturing installations, the plasma reacts with a substrate 
like a semiconductor wafer. A plasma treatment system is used with RF power with which for example, 
the wireless (RF) power for starting and holding the plasma (processing) is sent in a gas by the inductive 
and/or capacitive plasma joint component (plasma coupling element). According to the example, as 
shown in drawing 1 A, an electric conduction loop formation or the spiral coil 5 can function as an 
inductive plasma joint component. As shown in drawing 1 B, an electrode five El, i.e., 1 set of 
electrodes, and five E2 can function as a capacitive plasma joint component. 

[0004] Some phases are needed in order to generate the plasma. First, as shown in drawing 1 A and 
drawing 1 B, a gas is supplied to the processing chamber 1 through the gas inlet port 6. The RF power 
source 3 equipped with output-impedance RS supplies RF power to a plasma joint component (for 
example, the coil 5 in drawing 1 A, the electrode five El in drawing 1 B, five E2), next this plasma joint 
component excites a gas to the plasma in a fixed field (plasma field 2) with said processing chamber. 
Next, the plasma is used in order to process a substrate like a semiconductor wafer 4. Many 
conventional systems supply RF power through an electric matching circuit network (matching 
network). The U.S. Pat. No. 5,325,019 specification given to Miller & Kamon shows the approach using 
the information in the frequency for supervising the condition of the plasma and accessing it. 
Furthermore, refer to Gesche (U.S. Pat. No. 5,576,629 specification) & Vey (U.S. Pat. No. 5,025,135 
specification), the Patrick, etc. for Turner etc. (U.S. Pat. No. 5,474,648 specification). 
[0005] The plasma is often held in a part of current-voltage characteristic of said plasma known as "an 
abnormality glow situation (abnormal glow regime)", as shown in drawing 3 . In this situation, since the 
electrode and ion of high density exist and serious electric field also exist, the plasma usually tends to be 
influenced [ which adjoins said abnormality glow situation ] of arcing (arcing) produced in a part of 
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current- voltage characteristic. Arcing is in the condition which spread covering the usually remarkable 
amount and which is weak in the current flow field within the plasma in the field (called an arcing field) 
which has the concentrated arcing current, and which was localized very much. It originates in the high 
speed attained in arcing with high concentration of power dissipation (power dissipation), and the 
electron and ion in an arcing field, and the front face of the substrate of a system component is changed 
by surface sputtering and/or local heating by impregnation of ion or an electron, or may receive damage. 

[0006] Although arcing of a chip box produces damage working normally [ a plasma treatment system ] 
at the time of most or the low violence (low-severity) which completely is not produced, more frequent 
arcing can pose more inferior engine performance or a serious problem which can cause even the failure 
of a circuit currently processed by high violence (high-severity). Furthermore, intense (severe) arcing 
may do damage to one or more components among processing systems, and, thereby, needs to exchange 
an expensive component. Furthermore, about a processing system, in order to exchange the component 
which received damage and to correct/or an arcing problem, it is necessary to stop. Even if the 
component in a system has not received the damage on to the extent that exchange is needed 
immediately, pitting (pitting) of the front face of a chamber, an electrode, or other components produces 
a particle, and, thereby, a system or a substrate is polluted, or [ furthermore, / that a wafer is removed 
from a chuck by this by arcing confusing the electric field which attach a wafer in a chuck in the system 
using an electrostatic chuck (electrostatic chuck) ] ~ or it will be in the condition of having been 
separated. 

[0007] although arcing of high violence is sometimes visible as a flash plate of light, if it is in a 
condition intense enough although arcing sees, probably the system or the substrate also obtained ** and 
has already received damage. Furthermore, it is often hard to detect arcing (for these to be able to serve 
as a sign of a more intense arc) of low or quiet violence. Furthermore, arcing may be produced for too 
much power accumulated in one or more components for example, in a plasma treatment system (or 
substrate), or various reasons like an impurity/contamination which were localized. Furthermore, once 
arcing arises, according to the consecutive thing, possibility that still more intense arcing will arise will 
become higher. 

[0008] It originates in the difficulty of predicting arcing, and in order to avoid the condition that it may 
be connected with arcing, the conventional system is sometimes comparatively low, or is performed in 
safe power. However, there are some processings which serves as a sign or are not performed by 
optimum using moderate (conservative) power level. Furthermore, not necessarily effective, even if it 
carries out using RF power for eye bracing, the reason is for not restricting that a safe operating range is 
not necessarily determined, but arcing's boiling many things further, and being generated for a reason. 
The difficulty of determining a safe operating range is puffed up according to the inclination for a 
system to become easy to receive arcing increasingly as a system is polluted and it falls from a normal 
busy condition. 

[0009] One of the first patent application explaining how to detect an arc in glow discharge is based on 
Oppel (U.S. Pat. No. 4,193,070 specification). In this, a control system supervises discharge voltage and 
a current. It is called having produced the arc, when an electrical potential difference falls caudad from a 
threshold and a current goes up above a threshold. Some other patent application follows the same 
approach to supervising all the random abnormalities (anomaly) in discharge voltage and/or currents, 
these rate of change, and/or an electrical signal. Refer to the U.S. Pat. No. 5,241,152 specification by the 
U.S. Pat. No. 5,192,894 specification by Teschner, Anderson, etc., the U.S. Pat. No. 5,427,669 
specification by Drummond, and the U.S. Pat. No. 5,61 1,899 specification (after setting on these 
specifications, it is ,,f No. 899 patent") by Maass. The method of preventing an "intense" arc also shows 
especially 'No. 899 patent, and after sensing the condition that some were defined, the AC power is 
adjusted here so that an arc may be avoided. Next, about a big arc, it is interpreted as what does damage 
to a substrate depending on the case, and stops processing. Furthermore, said arc sensing approach is 
restricted to supervising the electrical potential difference and rate of change of a plasma joint 
component. 
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[0010] The neuron network (neural network) has been used for both the prediction and control in many 
fields. About using a neuron network in semi-conductor processing, in order to predict the terminal point 
(endpoint) of etching processing By Maynard etc. "Plasma etching endpointing by monitoring RF power 
systems with an artificial neural network" (207 95 Electrochem.Soc.Proc., -4, pl89- 1995), "Plasma 
etching endpointing It is discussed in by monitoring radio-frequency power systems with an artificial 
neural network" (J. Electrochem.Soc, 143 (6)). System monitors are some electric components (the 
capacitor value especially in transmitted power, reflective power (reflected power), and a matching 
circuit network, direct-current bias, etc.). 

It is trained so that it may observe, and these properties are made to correlate with the terminal point of 
etching processing. Here, the terminal point was determined through the ellipsometer (ellipsometer), and 
was programmed through the input by the user. In essence, a neuron network shows a means to make the 
interrelation of some measurable variables correlate with generating of an event, in order to establish 
predictability. 

[001 1] One application of a neuron network is system feature attachment. A large number [ the 
reference in which the attempt by which electrical characteristics are characterized is shown ]. Logan, 
"Electrical characterization of radio-frequency sputtering gas discharge" by Mazza & Davidse (J.) 
[ Vac] Sci.Technol., 6, and p.120 (1968), "Electrical characteristics of parallel-plate RF discharges in 
Argon" (IEEE Transactions on Plasma Sci. and 19 (4) -) by Godyak p. 660 (1991), "Electrical by 
Sobolewski characterization of radio-frequency discharges in the Gaseous ... Refer to "(J. 
Vac.Sci.Technol., 10 (6), (1992)). Refer to Fox & Kappuswamy (U.S. Pat. No. 5,479,340 specification) 
about the real-time control of the etching processing using multivariate analysis. 

[0012] In the conventional technique, a usual monitor and a usual control system control generating of 
an arc by activating stopping a power input immediately and the switch for discharging the electrical 
potential difference of the opposite sign (oppsite sign) which crosses an arcing electrode in order to 
remove an arc in some cases. This example is Sturmer (U.S. Pat. No. 5,241,152 specification) & 
Teschner(s) (U.S. Pat. No. 5,281,321 specification), such as Teschner (U.S. Pat. No. 5,192,894 
specification) and Anderson, Drummond (U.S. Pat. No. 5,427,669 specification), and Lantsman (a U.S. 
Pat. No. 5,584,972 specification is included.). However, in many cases, such patent application is 
indicating about the approach of a response for the arc which has already done damage to a substrate or 
processing hardware. 

[001 3] [Problem(s) to be Solved by the Invention] 

Especially the purpose of this invention is arcing's being detected and characterized and offering/or the 
system which can be reduced, and an approach so that generating of arcing can be controlled and 
prevented during activation of the plasma treatment which used the high density plasma. 
[0014] [Means for Solving the Problem] 

Originating in the nonlinearity of a proper at the electrical characteristics of the plasma, RF power 
source of the single frequency combined with the plasma generates a higher-harmonic signal (namely, 
component in the multiple or higher harmonic of fundamental frequency of RF power source) in the 
circuit for generating the plasma and this plasma. According to this invention, when arcing has not 
arisen, in frequencies other than fundamental frequency and harmonic frequency, most or not existing at 
all are recognized for a signal. However, a signal is generated [ be / it / under / arcing / setting ] in 
frequencies other than fundamental frequency and harmonic frequency. The arcing signal has the 
broadband property and usually has the downward frequency component, the frequency component 
between a fundamental wave and the lowest higher harmonic, and the frequency component between 
higher harmonics from the fundamental wave. 

[0015] According to the description with this invention, about said arcing signal, in order to bring about 
the display of the occurrence frequency of an arcing event, and/or magnitude, it can measure and use. 
Furthermore, it is recognized that the technique which constitutes the profile (profile) of an arcing signal 
as a function of frequency can supply the information about the location of the arcing operation in the 
component which produces arcing, and a system, the violence of arcing, and/or the occurrence 
frequency of an arcing event. It can train in order to identify the component which similarly arcing is 
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detected or predicted [ component ] and produces arcing about a neuron network and to bring about the 
approximation-real-time control (near-real time control) of processing further. 
[0016] In order to control arcing, it can be interrupted temporarily and can be made to return after 
predetermined time amount about RF power after the event of an intense arcing event or a single string 
generated frequently. Next, warning that power was interrupted is given to human beings operator or 
automatic central control unit. It may be necessary to rarely happen or to take the further action to fewer 
arcing events of violence. To a frequent arcing event more intense again than **, warning that a system 
should be fixed soon is given to an operator or an automatic central control unit. Further much more 
frequent and warning that a system needs repair immediately to an operator or an automatic central 
control unit to/or intense arcing are given. To the most frequent arcing also with **** intense again with 
the danger that a system or a substrate will receive damage at once, a system stops automatically. 
[0017] This invention enables detection (or prediction) and control of arcing, before it offers the 
protection improved to the harmful effect of arcing in a plasma treatment system and arcing does 
damage to a system. Furthermore, this invention also offers the detailed diagnosis about an arcing 
problem. These descriptions cannot be available in the conventional system, and the substantial benefit 
in reducing the damage over a system or a substrate can be brought about. Furthermore, by controlling 
arcing to fitness more, a system can operate in the optimal range for processing of a substrate rather than 
it operates in the safe margin for preventing arcing. Furthermore, it can be made to operate more 
efficiently about a processing system. The reason is for avoiding / reducing the need of being able to use 
in order to judge when a maintenance being needed, and to perform a maintenance, when the most 
convenient, and stopping equipment in down stream processing by this about arcing information for a 
maintenance. 

[0018] This invention has described two methods of supervising and detecting existence of an arc 
working [ RF plasma source ]. The 1st approach supervises the frequency content of the electrical signal 
extracted from the various electric components combined with the plasma, basic RF drive frequency 
(usually 13.56MHz) - in addition, a signal originates in the property of the nonlinearity of a proper and 
exists in the plasma in harmonic frequency. Furthermore, generating of arcing in the electric component 
of a plasma system generates a broadband frequency content in a signal. Therefore, it can use in order to 
detect an arc for the sub-band (sub-band) of a frequency domain (frequency space [ detail ] between 
harmonic frequency) and to evaluate these force. The 2nd approach is being connected with the 1st 
approach and observing the response of the frequency content to the dither ring (dithering) of RF input. 
[0019] Furthermore, this invention offers the approach based on the neuron network for predicting and 
preventing generating of the arc in RF plasma chamber. Use of a neuron network needs "to train" for a 
system (the computer system and equipment which are used in order to supervise RF plasma electrical 
system) so that the relation (these relation shows generating of an arc) between various parameters, an 
electrical parameter, etching / deposition (deposition) parameter, a pressure, etc. may be learned. About 
the magnitude of an arc and frequency, and the location of these arcs, prediction can actually become 
possible according to the 'training' level or RF system feature of a system. An arc is detected and 
prevented based on the inclination or property relevant to mutual of a network about a component, this 
property — "a micro arc" — that is, big (a success of processing may be exposed to risk or serious 
damage may be brought to a wafer) - again - ** -- it can recognize as a series of small amplitude arcs 
before generating of an intense arc. 
[0020] [Embodiment of the Invention] 

A perfect understanding becomes [ rather than ] clear about this invention and the advantage 
accompanying it with reference to the explanation at the time of being taken into consideration in 
relation to the following detailed explanation, especially an accompanying drawing. 
[0021] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] [Reference of application under other coincidence connections] 

Serial No.60 which applied for this un-provisional application on September 17, 1997 / 151 (these 
contents are included in this specification) - receiving — an United States patent method - priority is 
asserted under piece [ 35th ] 1 19 articles (e). [ 059 and 151 ] This application relates to "System and 
Method for Monitoring and Controlling Gas Plasma Processes" (059 Serial No.60/151) and "Electrical 
Impedance Matching System and Method" (059 Serial No. 60/1 76). In application of both sides, this 
application relates to "System and Method for Monitoring and Controlling Gas Plasma 
Processes" (Serial No. and Attorney Docket No.2312-742-6YA WO) and "Electrical Impedance 
Matching System and Method" (Serial No. and Attorney Docket No.231 2-741 -6YA WO) further. It 
applies for both sides on this specification and the same day, and these applications are included in this 
specification as reference. 
[0002] [Field of the Invention] 

Concerning plasma generation system, this invention is applicable to the system using the plasma, in 
order to process a substrate more like [ a detail ] a semiconductor wafer. 
[0003] [Description of the Prior Art] 

In many electric apparatus or solid-state manufacturing installations, the plasma reacts with a substrate 
like a semiconductor wafer. A plasma treatment system is used with RF power with which for example, 
the wireless (RF) power for starting and holding the plasma (processing) is sent in a gas by the inductive 
and/or capacitive plasma joint component (plasma coupling element). According to the example, as 
shown in drawing 1 A, an electric conduction loop formation or the spiral coil 5 can function as an 
inductive plasma joint component. As shown in drawing 1 B, an electrode five El, i.e., 1 set of 
electrodes, and five E2 can function as a capacitive plasma joint component. 

[0004] Some phases are needed in order to generate the plasma. First, as shown in drawing 1 A and 
drawing 1 B, a gas is supplied to the processing chamber 1 through the gas inlet port 6. The RF power 
source 3 equipped with output-impedance RS supplies RF power to a plasma joint component (for 
example, the coil 5 in drawing 1 A, the electrode five El in drawing 1 B, five E2), next this plasma joint 
component excites a gas to the plasma in a fixed field (plasma field 2) with said processing chamber. 
Next, the plasma is used in order to process a substrate like a semiconductor wafer 4. Many 
conventional systems supply RF power through an electric matching circuit network (matching 
network). The U.S. Pat. No. 5,325,019 specification given to Miller & Kamon shows the approach using 
the information in the frequency for supervising the condition of the plasma and accessing it. 
Furthermore, refer to Gesche (U.S. Pat. No. 5,576,629 specification) & Vey (U.S. Pat. No. 5,025,135 
specification), the Patrick, etc. for Turner etc. (U.S. Pat. No. 5,474,648 specification). 
[0005] The plasma is often held in a part of current-voltage characteristic of said plasma known as "an 
abnormality glow situation (abnormal glow regime)", as shown in drawing 3 . In this situation, since the 
electrode and ion of high density exist and serious electric field also exist, the plasma usually tends to be 
influenced [ which adjoins said abnormality glow situation ] of arcing (arcing) produced in a part of 
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current-voltage characteristic. Arcing is in the condition which spread covering the usually remarkable 
amount and which is weak in the current flow field within the plasma in the field (called an arcing field) 
which has the concentrated arcing current, and which was localized very much. It originates in the high 
speed attained in arcing with high concentration of power dissipation (power dissipation), and the 
electron and ion in an arcing field, and the front face of the substrate of a system component is changed 
by surface sputtering and/or local heating by impregnation of ion or an electron, or may receive damage. 

[0006] Although arcing of a chip box produces damage working normally [ a plasma treatment system ] 
at the time of most or the low violence (low-severity) which completely is not produced, more frequent 
arcing can pose more inferior engine performance or a serious problem which can cause even the failure 
of a circuit currently processed by high violence (high-severity). Furthermore, intense (severe) arcing 
may do damage to one or more components among processing systems, and, thereby, needs to exchange 
an expensive component. Furthermore, about a processing system, in order to exchange the component 
which received damage and to correct/or an arcing problem, it is necessary to stop. Even if the 
component in a system has not received the damage on to the extent that exchange is needed 
immediately, pitting (pitting) of the front face of a chamber, an electrode, or other components produces 
a particle, and, thereby, a system or a substrate is polluted, or [ furthermore, / that a wafer is removed 
from a chuck by this by arcing confusing the electric field which attach a wafer in a chuck in the system 
using an electrostatic chuck (electrostatic chuck) ] ~ or it will be in the condition of having been 
separated. 

[0007] although arcing of high violence is sometimes visible as a flash plate of light, if it is in a 
condition intense enough although arcing sees, probably the system or the substrate also obtained ** and 
has already received damage. Furthermore, it is often hard to detect arcing (for these to be able to serve 
as a sign of a more intense arc) of low or quiet violence. Furthermore, arcing may be produced for too 
much power accumulated in one or more components for example, in a plasma treatment system (or 
substrate), or various reasons like an impurity/contamination which were localized. Furthermore, once 
arcing arises, according to the consecutive thing, possibility that still more intense arcing will arise will 
become higher. 

[0008] It originates in the difficulty of predicting arcing, and in order to avoid the condition that it may 
be connected with arcing, the conventional system is sometimes comparatively low, or is performed in 
safe power. However, there are some processings which serves as a sign or are not performed by 
optimum using moderate (conservative) power level. Furthermore, not necessarily effective, even if it 
carries out using RF power for eye bracing, the reason is for not restricting that a safe operating range is 
not necessarily determined, but arcing's boiling many things further, and being generated for a reason. 
The difficulty of determining a safe operating range is puffed up according to the inclination for a 
system to become easy to receive arcing increasingly as a system is polluted and it falls from a normal 
busy condition. 

[0009] One of the first patent application explaining how to detect an arc in glow discharge is based on 
Oppel (U.S. Pat. No. 4,193,070 specification). In this, a control system supervises discharge voltage and 
a current. It is called having produced the arc, when an electrical potential difference falls caudad from a 
threshold and a current goes up above a threshold. Some other patent application follows the same 
approach to supervising all the random abnormalities (anomaly) in discharge voltage and/or currents, 
these rate of change, and/or an electrical signal. Refer to the U.S. Pat. No. 5,241,152 specification by the 
U.S. Pat. No. 5,192,894 specification by Teschner, Anderson, etc., the U.S. Pat. No. 5,427,669 
specification by Drummond, and the U.S. Pat. No. 5,61 1,899 specification (after setting on these 
specifications, it is '"No. 899 patent") by Maass. The method of preventing an "intense" arc also shows 
especially 'No. 899 patent, and after sensing the condition that some were defined, the AC power is 
adjusted here so that an arc may be avoided. Next, about a big arc, it is interpreted as what does damage 
to a substrate depending on the case, and stops processing. Furthermore, said arc sensing approach is 
restricted to supervising the electrical potential difference and rate of change of a plasma joint 
component. 
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[0010] The neuron network (neural network) has been used for both the prediction and control in many 
fields. About using a neuron network in semi-conductor processing, in order to predict the terminal point 
(endpoint) of etching processing By Maynard etc. "Plasma etching endpointing by monitoring RF power 
systems with an artificial neural network" (207 95 Electrochem.Soc.Proc, -4, pi 89- 1995), "Plasma 
etching endpointing It is discussed in by monitoring radio-frequency power systems with an artificial 
neural network" (J. Electrochem.Soc, 143 (6)). System monitors are some electric components (the 
capacitor value especially in transmitted power, reflective power (reflected power), and a matching 
circuit network, direct-current bias, etc.). 

It is trained so that it may observe, and these properties are made to correlate with the terminal point of 
etching processing. Here, the terminal point was determined through the ellipsometer (ellipsometer), and 
was programmed through the input by the user. In essence, a neuron network shows a means to make the 
interrelation of some measurable variables correlate with generating of an event, in order to establish 
predictability. 

[001 1] One application of a neuron network is system feature attachment. A large number [ the 
reference in which the attempt by which electrical characteristics are characterized is shown ]. Logan, 
"Electrical characterization of radio-frequency sputtering gas discharge" by Mazza & Davidse (J.) 
[ Vac] Sci.Technol., 6, and p.120 (1968), "Electrical characteristics of parallel-plate RF discharges in 
Argon" (IEEE Transactions on Plasma Sci. and 19 (4) --) by Godyak p. 660 (1991), "Electrical by 
Sobolewski characterization of radio-frequency discharges in the Gaseous ... Refer to "(J. 
Vac.Sci.Technol., 10 (6), (1992)). Refer to Fox & Kappuswamy (U.S. Pat. No. 5,479,340 specification) 
about the real-time control of the etching processing using multivariate analysis. 

[0012] In the conventional technique, a usual monitor and a usual control system control generating of 
an arc by activating stopping a power input immediately and the switch for discharging the electrical 
potential difference of the opposite sign (oppsite sign) which crosses an arcing electrode in order to 
remove an arc in some cases. This example is Sturmer (U.S. Pat. No. 5,241,152 specification) & 
Teschner(s) (U.S. Pat. No. 5,281,321 specification), such as Teschner (U.S. Pat. No. 5,192,894 
specification) and Anderson, Drummond (U.S. Pat. No. 5,427,669 specification), and Lantsman (a U.S. 
Pat. No. 5,584,972 specification is included.). However, in many cases, such patent application is 
indicating about the approach of a response for the arc which has already done damage to a substrate or 
processing hardware. 

[0013] [Problem(s) to be Solved by the Invention] 

Especially the purpose of this invention is arcing's being detected and characterized and offering/or the 
system which can be reduced, and an approach so that generating of arcing can be controlled and 
prevented during activation of the plasma treatment which used the high density plasma. 
[0014] [Means for Solving the Problem] 

Originating in the nonlinearity of a proper at the electrical characteristics of the plasma, RF power 
source of the single frequency combined with the plasma generates a higher-harmonic signal (namely, 
component in the multiple or higher harmonic of fundamental frequency of RF power source) in the 
circuit for generating the plasma and this plasma. According to this invention, when arcing has not 
arisen, in frequencies other than fundamental frequency and harmonic frequency, most or not existing at 
all are recognized for a signal. However, a signal is generated [ be / it / under / arcing / setting ] in 
frequencies other than fundamental frequency and harmonic frequency. The arcing signal has the 
broadband property and usually has the downward frequency component, the frequency component 
between a fundamental wave and the lowest higher harmonic, and the frequency component between 
higher harmonics from the fundamental wave. 

[0015] According to the description with this invention, about said arcing signal, in order to bring about 
the display of the occurrence frequency of an arcing event, and/or magnitude, it can measure and use. 
Furthermore, it is recognized that the technique which constitutes the profile (profile) of an arcing signal 
as a function of frequency can supply the information about the location of the arcing operation in the 
component which produces arcing, and a system, the violence of arcing, and/or the occurrence 
frequency of an arcing event. It can train in order to identify the component which similarly arcing is 
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detected or predicted [ component ] and produces arcing about a neuron network and to bring about the 
approximation-real-time control (near- real time control) of processing further. 
[0016] In order to control arcing, it can be interrupted temporarily and can be made to return after 
predetermined time amount about RF power after the event of an intense arcing event or a single string 
generated frequently. Next, warning that power was interrupted is given to human being's operator or 
automatic central control unit. It may be necessary to rarely happen or to take the further action to fewer 
arcing events of violence. To a frequent arcing event more intense again than **, warning that a system 
should be fixed soon is given to an operator or an automatic central control unit. Further much more 
frequent and warning that a system needs repair immediately to an operator or an automatic central 
control unit to/or intense arcing are given. To the most frequent arcing also with **** intense again with 
the danger that a system or a substrate will receive damage at once, a system stops automatically. 
[0017] This invention enables detection (or prediction) and control of arcing, before it offers the 
protection improved to the harmful effect of arcing in a plasma treatment system and arcing does 
damage to a system. Furthermore, this invention also offers the detailed diagnosis about an arcing 
problem. These descriptions cannot be available in the conventional system, and the substantial benefit 
in reducing the damage over a system or a substrate can be brought about. Furthermore, by controlling 
arcing to fitness more, a system can operate in the optimal range for processing of a substrate rather than 
it operates in the safe margin for preventing arcing. Furthermore, it can be made to operate more 
efficiently about a processing system. The reason is for avoiding / reducing the need of being able to use 
in order to judge when a maintenance being needed, and to perform a maintenance, when the most 
convenient, and stopping equipment in down stream processing by this about arcing information for a 
maintenance. 

[0018] This invention has described two methods of supervising and detecting existence of an arc 
working ! RF plasma source ]. The 1st approach supervises the frequency content of the electrical signal 
extracted from the various electric components combined with the plasma, basic RF drive frequency 
(usually 13 .56MHz) ~ in addition, a signal originates in the property of the nonlinearity of a proper and 
exists in the plasma in harmonic frequency. Furthermore, generating of arcing in the electric component 
of a plasma system generates a broadband frequency content in a signal. Therefore, it can use in order to 
detect an arc for the sub-band (sub-band) of a frequency domain (frequency space [detail ] between 
harmonic frequency) and to evaluate these force. The 2nd approach is being connected with the 1st 
approach and observing the response of the frequency content to the dither ring (dithering) of RF input. 
[0019] Furthermore, this invention offers the approach based on the neuron network for predicting and 
preventing generating of the arc in RF plasma chamber. Use of a neuron network needs "to train" for a 
system (the computer system and equipment which are used in order to supervise RF plasma electrical 
system) so that the relation (these relation shows generating of an arc) between various parameters, an 
electrical parameter, etching / deposition (deposition) parameter, a pressure, etc. may be learned. About 
the magnitude of an arc and frequency, and the location of these arcs, prediction can actually become 
possible according to the 'training' level or RF system feature of a system. An arc is detected and 
prevented based on the inclination or property relevant to mutual of a network about a component, this 
property — "a micro arc" — that is, big (a success of processing may be exposed to risk or serious 
damage may be brought to a wafer) — again --**-- it can recognize as a series of small amplitude arcs 
before generating of an intense arc. 
[0020] [Embodiment of the Invention] 

A perfect understanding becomes [ rather than ] clear about this invention and the advantage 
accompanying it with reference to the explanation at the time of being taken into consideration in 
relation to the following detailed explanation, especially an accompanying drawing. 
[0021] Hereafter, when drawing is referred to (the same reference number lets some drawings pass, and 
shows the part which is identitas or corresponds in these drawings), drawing 1 A and drawing 1 B show 
roughly the example of the processing chamber which performs RF generating type (RF-generated) 
plasma treatment. About RF power, as are shown in drawing 1 A, and inductively shown in drawing 1 
B, it is in ******** i n capacity, and it can join together in a processing chamber, ((like chlorine or 
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oxygen) It is) A gas is introduced in the processing chamber 1 through the gas inlet port 6. The RF 
power source 3 equipped with output-impedance RS supplies RF power to a plasma joint component 
(these plasma joint components may be the coil 5 in drawing 1 A, the electrode five El in drawing 1 B, 
and five E2). (The further plasma joint component to which power is supplied can be equipped with bias 
shielding and an electrostatic chuck.) In the field 2 of said chamber, the plasma is formed and RF power 
reacts with workpiece [ like a wafer 4 ] whose plasma is. Although this invention is explained with 
reference to RF generating type plasma, it should be understood that the various descriptions of this 
invention can be applied also to the system which has the power source which operates in frequencies 
other than RF. 

[0022] As shown in drawing 2 , in order to supply the transfer of power from RF source to a plasma 
joint component, an impedance-matching network 20 is used. This circuit changes the input impedance 
of a plasma joint component (for example, coil 5 of drawing 1 A), and thereby, this (it is dependent on 
the condition in the plasma) impedance approaches with the output impedance of the RF source 3, and is 
adjusted. The information about the plasma state can be acquired from the electrical signal which exists 
in this node by connecting an electric probe or a sensing element to at least one node of the plasma 
generating circuit 22. About connection, it can carry out to the node (nodes N2, N3, or N4) of a plasma 
joint component (node N4) and a matching circuit network, the cable (nodes Nl and N2) connected to 
the matching circuit network or the RF sources (node Nl), or combination. Or about an electrical signal, 
although combined with the plasma, it is receivable with other signal sensing elements which do not 
supply power to the plasma again. For example, an inductive loop formation, a coil (for example, loop 
antenna), or a capacitive probe (for example, a wire or a dipole antenna) may be used as a signal sensing 
element. 

[0023] As shown in drawing 5 A - drawing 5 C, the received signal usually has a big component other 
than the big harmonic content f2, £3, f4, f5, and f6 of some which are produced by the nonlinearity of the 
plasma in the fundamental frequency fF of RF source. When arcing has not arisen, as shown in drawing 
5 A, other important components do not usually exist. However, since the configuration of an arcing 
wave generally is not connected with the wave-like configuration generated with RF source, an arcing 
signal usually has a component in the frequency which is not related in the fundamental wave and higher 
harmonic of RF source. An arcing signal has a broadband property, and as shown in drawing _5 B, in 
some cases, a frequency reaches far and wide, and it exists in them. More clearly, as shown in drawing 5 
C, the component of a signal received in the specific object band Bl appears in a sub-band (SB1, SB2), 
when arcing arises. As shown in drawing 5 C, it can depend for the amplitude of the specific frequency 
component of an arcing signal on the frequency. 

[0024] According to the description with this invention, the component of the signal with which it was 
received other than the fundamental wave and the higher harmonic is measured in order to detect arcing. 
The part of the frequency spectrum between a lower part, and fundamental waves and the lowest higher 
harmonics and between higher harmonics is observed by the plasma control unit 77 ( drawing 10 and 
drawing 1 1 ) from a fundamental wave. In the operation gestalt desirable now, the plasma control device 
77 has converter 77A which acquires the received signal and changes this signal into a digital format. If 
the amplitude of the signal component received in the frequency of the above-mentioned part of 
frequency spectrum is larger than the 1 st predetermined threshold, a plasma control unit will give 
display that the arcing event was detected to the central control unit 78 shown in human being's operator 
or drawing 10 . If the amplitude of the signal component by which the above-mentioned was received is 
larger than the 2nd higher threshold, a plasma control unit may suspend processing. 
[0025] Furthermore, as shown in drawing 1 1 , a plasma control unit can have central processing unit 
77B which receives the amplitude information other than power control unit 77C which controls RF 
power source from a converter. If the amplitude of the received component of a signal exceeds a 
predetermined value like the 2nd above-mentioned threshold, power control unit 77C can be ordered 
central processing unit 77B to reduce the power supplied from one or more RF power sources, or to stop 
one or more RF power sources. 

[0026] Drawing 1 1 shows the instantiation operation gestalt of the plasma control unit by this invention. 
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The plasma control unit 77 has converter 77A, central processing unit 77B 3 and power control unit 77C. 
The received signal is sent in converter 77 A through input-signal input port 7702. Converter 77 A sends 
the processing signal which processed the received various components of a signal and was produced as 
a result to central processing unit 77B through the digital port 7780. Central processing unit 77B sends 
an instruction to power control unit 77C through other digital ports 7790. Power control unit 77C 
supplies the signal for controlling RF power source in the power control unit output port 7704. Power 
control unit 77C can be ordered central processing unit 77B to change the electric energy which carried 
out the turn-on of the RF power source, and carried out the turn-off of the RF power source, or was 
supplied by RF power source. In the desirable operation gestalt shown in drawing 12 , transducer 77A 
has only A/D converter 77 A 1 which changes into a digital format the analog signal received in input- 
signal input port 7702. About the number of bits of the precision needed in order to detect / predict 
arcing, it may be peculiar to processing and selection of A/D converter 77 A 1 can be affected. 
Furthermore, a sampling rate expresses the maximum-permissible possible setup time about A/D 
converter 77A1. (to digital format) The changed signal is outputted to central processing unit 77B. In 
order to determine the energy in each sub-band, a fast Fourier transform (FFT) is used for both A/D 
converter 77A1 and central processing unit 77B, and they process the changed signal. The method of 
determining the energy in a sub-band is well-known in the conventional technique, and is taught by 
David L.Nicholson in "Spread Spectrum Signal Design" (this reference is published by Computer 
Science Press of Maryland Rockville, and is built into this specification as reference.). 
[0027] Drawing 13 shows other operation gestalten of converter 77A by this invention. Converter 77A 
obtains an input signal through input-signal input port 7702, divides an input signal in signal division 
equipment 77 A2, and changes the divided signal in A/D-conversion equipment 77 A3. 
[0028] Drawing 14 shows the operation gestalt of signal division equipment 77A2. A signal is sent in a 
splitter 7745 and this splitter 7745 is divided into the signal with which the plurality to which said signal 
is supplied by Channels CHl-CHn was divided. In this example, a division signal is sent to two or more 
down converters (downconverters) DCR1 - DCRn, and these down converters DCR1 - DCRn carry out 
the down convert of the division signal, in order to supply the signal by which the down convert (DC) 
was carried out in the processing signal port 7760 which has Channels 7761 -776n. Each down converter 
DCR1 - DCRn carry out the down convert of the part (namely, a different sub-band) from which 
frequency spectrum differs. Although drawing 14 shows only three channels of a signal processor, it is 
clear that you may have four or more channels corresponding to the sub-band of four or more 
frequencies. 

[0029] Drawing 15 shows the example of A/D-conversion equipment 77 A3 by this invention. In this 
example, the processed signal (for example, the down convert was carried out) is received through the 
processing signal port 7760 which has Channels 7761-776n. The signal by which the down convert was 
carried out is measured by two or more analog / digital transducer A/Dl - A/Dn, and these analogs / 
digital transducer A/Dl - A/Dn are digital formats about a measurement result, and are supplied through 
the digital port 7780 which has Channels 7781-778n. Although drawing 15 shows only four channels of 
A/D-conversion equipment 77 A3, it is clear that you may have the channel of the number of the 
arbitration corresponding to the A/D converter of the number of arbitration. 

[0030] Drawing 6 A shows an operation gestalt desirable now in case a down converter circuit is used. 
According to this invention, this down converter can be used in order to measure some frequency 
spectrum. The down convert of the signal received from the circuit combined with the plasma is carried 
out at DC signal with the down converter using the heterodyne circuit which has the low -pass filter 
which has the local-oscillator source 65, a mixer Ml, and resistance R6A and capacitor C6A. An input 
signal Vi is sent to the radio frequency (RF) terminal of a mixer, and a local-oscillator (LO) signal is 
sent to LO terminal of a mixer. The signal from the intermediate frequency (IF) terminal of a mixer is 
sent to an above-mentioned low-pass filter (it has R6A and C6A), in order to generate output voltage 
VO. The signal which is produced as a result and which the down convert was carried out and was 
filtered shows the amplitude of the component of the input signal in the sub-band of the fixed frequency 
of the frequency band currently taken into consideration. The circuit of drawing 6 A can function as one 
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channel of the control device with which a plasma control device is equipped. Furthermore, using two or 
more down convert channels (these channels have the local oscillator frequency from which each 
differed) which can be set in a transducer, a down convert can be carried out and the various frequency 
components of a spectrum can be filtered. Each signal which the signal which the down convert was 
carried out and was filtered, and which was supplied by the converter was sent to A/D-conversion 
equipment, and the down convert was carried out and was filtered since arcing was detected and 
characterized by this A/D-conversion equipment in a plasma system is measured, and it judges whether 
said signal is more nearly up than one or more predetermined thresholds in each. 
[0031] Or about the received signal, a down convert may be carried out again using the easy rectifier 
circuit equipped with the filter. The example of such a circuit is shown in drawing 6 B, and has Diode 
Di and a low-pass filter (it has resistance R6B and capacitor C6B). When the rectifier circuit of drawing 
6 B is used, before the input Vi of a rectifier circuit, a band-pass filter is used and the request part of 
frequency spectrum needs to be chosen. About the circuit of drawing 6 B, you may have in the converter 
of a plasma control unit. 

[0032] Drawin g 10 shows the example of the processing system which can apply this invention. In this 
example, three plasma joint components called chuck (for example, electrostatic chuck) 5C for holding 
inductive coil 5A, capacitive bias shielding 5B, and a wafer 4 exist in a system. Although one purpose of 
a chuck is holding a wafer, this chuck can also be used in order to supply RF power to the plasma. Each 
plasma joint component can receive power from RF source (3A, 3B, 3C), and each of these RF sources 
can be separately adjusted in the amplitude and frequency of power which were supplied. In the system 
using an ion energy modulation (IEM), the frequency of the power sent to the chuck may be farther 
[ than the frequency (for example, 13.56MHz) of the power sent to the plasma joint component ] low 
(for example, 500kHz). It should be understood that it can use with sufficient convenience also in the 
alien system from which the system of drawing 10 is supplied as an example, and arcing poses a 
problem about the various descriptions of this invention. For example, about this invention, it can use 
also in the system which has only one plasma joint component, and the system which has the sputtering 
source. 

[0033] Said plasma control unit 77 may be the computer system roughly shown in drawing 20 . The 
computer system 1 100 has the housing 1 102 which holds the mother board 1 104 equipped with a central 
processing unit (CPU) 1 106 (for example, Intel Pentium, Intel Pentium II, Dec alpha, IBM / 
Motorola ???PC), memory 1 108 (for example, DRAM, ROM, EPROM, SRAM, a flash plate RAM, 
etc.), and the logical unit (for example, ASIC) of other alternative special purposes or the logical unit 
(for example, GAL and FPGA which can be cast) in which a device setup is possible. Furthermore, 
according to this invention, a computer system has the analog digital (A/D) input 1 126 for receiving a 
signal from the various matching circuit networks 80A-80C ( drawing 10 ). Furthermore, this computer 
has the communication link port 1 128 for communicating with a central control unit 78 ( drawing 10 ). 
A computer 1 100 has further two or more input devices (for example, a keyboard 1 122 and a mouse 
1 124) and the marker card 1 1 10 for controlling a monitor 1 120. Furthermore, a computer system 1 100 is 
equipped with the high density media drive of the immobilization connected with a floppy disk drive 
1114 and other removable (removable) media equipments (for example, a compact disk 1 1 19, a tape, 
removable magneto-optics media (not shown)) using a hard disk 1 112 or other suitable device buses (for 
example, a SCSI bus or an en hunger strike IDE bus). Although the compact disk 1 1 19 is shown in CD 
caddie, a compact disk 1119 can also be directly inserted into the CD-ROM drive which does not need a 
caddie. Furthermore, since it connects with the same device bus or other same device buses as high 
density media equipment, a computer 1 100 can also be additionally equipped with the compact disk 
reader 1118, compact disk reading / write-in equipment (not shown), or a compact disk jukebox (not 
shown). Furthermore, a printer (not shown) can supply the printing copy of the important information 
relevant to actuation of a plasma control unit like record of training, or RF power level covering a 
production process and an arcing operation. 

[0034] Furthermore, said computer system has the medium (computer readable medium) which can be 
read by at least one computer. The examples of the medium in which reading [ computer / such ] is 
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possible are a compact disk 1 1 19, a hard disk 1 1 12, a floppy disk, a tape, a magneto-optics disk, PROM 
(EPROM, EEPROM, a flash plate RAM), DRAM, SRAM, etc. 

[0035] Since what combined one of the arbitration of the media which can be read, or said medium by 
said computer memorizes, this invention is equipped with the software for enabling a computer 1 100 to 
control the hardware of a computer 1 100 and to carry out mutual transfer with human being's user and 
the controlled system. Although you may have such software with user application like a device driver, 
an operating system, a development tool, or a system monitor (graphical), it is not restricted to these. 
Furthermore, it has a computer program for operating the plasma control unit which follows spectrum 
profiling (spectral profiling), neuron network control, fuzzy control, or the nonlinear control approach of 
other arbitration by such computer according to this invention in the medium which can be read. 
[0036] It is permissible said plasma control unit can function as a remote computer, and an operator "to 
log on (log on)" to a host computer. Said host computer may be a central control unit 78 ( drawing 10 ), 
and can control not only this specific processing but other processings in a production line. It can also 
restrict the possible selection permitted that an operator performs a host computer [ as / in drawing 20 ] 
during activation of processing, and it is reducing the danger of the error by the operator, without even 
the operator trained by altitude needing by this. Similarly, in other operation gestalten, a plasma control 
device is controlled through GUI like a client-server program using a WWW (it has CGI Scripts, Active 
X components, and Javascript) interface. 

[0037] About this invention, it can perform for convenience using the microprocessor programmed 
according to instruction of the conventional general -purpose digital computer or this specification so 
that clearly [ this contractor ]. This contractor of software skill can be prepared about suitable software 
coding based on instruction of the contents of an indication of this invention so that clearly. 
Furthermore, about this invention, it can perform by preparing an application-specific integrated circuit 
or incorporating the suitable network of the conventional component circuit so that it may become clear 
easily at this contractor. Furthermore, about the plasma control unit 77 and central control unit 78 of 
drawing 10 , it should be clear that it can have in a single control unit and all the functions of these 
plasma control unit 77 and a central control unit 78 can be performed. This single control unit may be a 
computer system similar to the system of drawing 20 , the function of a plasma control unit is performed 
under directions of the 1st software approach in this, and the function of a central control unit is 
performed under directions of the 2nd software approach. 

[0038] As shown in drawing 5 C, about the amplitude of the 1st component of the arcing signal in the 
1st sub-band SB 1, it differs from the amplitude of the 2nd component in the 2nd sub-band SB 2 
remarkably. According to one of the advantageous descriptions of this invention, a plasma control unit 
can make a judgment about whether should suspend processing or warning should be given to an 
operator or a central control unit 78 ( drawing 10 ) by analyzing the amplitude of the frequency 
component from which an arcing signal differs. In a detail, it can train about the plasma control unit 77 
using the data collected during actual processing by operating this plasma control unit 77 as a nonlinear 
neuron network. With such a neuron network, it is well suitable for answering the nonlinear 
characteristic of the plasma, and there being a noise, using inadequate data, and detecting / preventing 
arcing appropriately. Furthermore, according to the "spectrum profiling" description with the sufficient 
convenience of this invention, it is recognized by comparing with 1 set of amplitude data in the database 
of known spectrum profiling the amplitude of the frequency component of a different arcing signal 
generated during processing that a plasma control unit can detect / prevent arcing. Furthermore, using 
both approaches, a plasma control unit can judge whether it is the condition that more intense arcing is 
likely to happen, if the violence of arcing, a location, and a cause can be determined and processing 
advances. 

[0039] In the example of drawing 5 C, the band Bl currently taken into consideration has fundamental 
frequency fF and the 2nd harmonic frequency f2. Or or it is more narrow, a wide band can also be used 
again. According to an example, an object band can exist completely between the 2nd higher harmonic 
f2 and the 3rd higher harmonic £3 (** which does not mind any higher harmonics in between). 
According to other examples, from the upper part frequency (upper frequency) of this band, an object 
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band may include the fundamental frequency other than all downward higher harmonics, and may also 
reach from DC to the upper frequency of the 6th higher harmonic f6. Furthermore, although an object 
domain may have some higher harmonics, a system may disregard the field located to the perimeter, 
including these higher harmonics. 

[0040] According to the description of the neuron network of this invention, drawin g 7 shows the 
configuration of the neuron network used as some plasma control units 77. About a neuron network, it 
can perform in either hardware or software using a central control unit 78. in the training phase of this 
invention, in an input layer, a neuron network receives a series of inputs, and makes weighting these 
inputs according to early (for example, random — uniform) weighting. Input values are collected 
between normal processings, and are memorized during training. As an input which has possibility in 
others, there are the energy for each sub-band, the frequency of RF source, a phase and energy, a 
pressure of the plasma, time amount from cleaning, and time amount from the last n arc as shown. The 
time amount from the last cleaning enables a neuron network to follow change of the arcing condition 
over time of day rather than having static mapping (static mapping). The time amount from the last n arc 
is a series of values of n pieces updated in specific clock spacing in practice. Each of such input 
measured value is taken periodically, and is memorized as a training effective data (training validation 
data). The condition of a system is also memorized in case measured value is taken. Using the measured 
input and a known output, a system can be trained using the neuron network algorithm of the number of 
arbitration so that clearly [ this contractor ]. Sufficient training cycle of a number is performed in order 
to update weighting in early stages of a system that the result of a request (inside of a specific error 
range) should be outputted correctly, when a system is tested using an effective data. About unrelated 
data, it is removable by performing sensibility analysis to each input with reference to an output. By 
reducing the number of inputs, the efficiency of future training can be gathered and the whole engine 
performance improves. Next, about a neuron network, it can use even in order to avoid an error by 
reducing RF power input before arcing further in order to predict / detect an error. Similarly, about a 
neuron network, it can use when the plasma control unit 77 detected that the system was not operating 
normally any longer in order to tell a central control unit 78. 

[0041] a ********[ that warning should be given to an operator or a central control unit about the 
information about the violence of arcing, a location, and/or a cause according to the "spectrum profiling" 
description of this invention ] — and/or, it can use in order to judge whether processing should be 
terminated or not. For example, by arcing more intense than (3) which arcing has produced in the 
location near the component with which (1) arcing tends to (2) 2 [ intense ] Break (or generated) arising, 
and meeting and coming out, if it is in a certain condition [ like ], processing can be terminated. The 
information from either a neuron network or "spectrum profiling" can show which is approaching the 
condition that arcing or intense arcing is likely to arise [ a system ] to a pan or others. For example, 
although the present down stream processing can be completed without doing damage to an arcing 
event, if information shows that damage on an arcing event may arise in the following down stream 
processing, a maintenance can be performed between the present down stream processing and the 
following down stream processing. As a result, the following damage and/or the interruption about 
down stream processing are avoidable. 

[0042] When using spectrum profiling, it can compare, while carrying out fluctuation or "the dither 
(dither)" of the amplitude of RF power which could compare the amplitude of a frequency component 
with the amplitude data in a database directly, or was supplied to one or more of plasma joint 
components slightly. The input signal produced from the first RF power amplitude differs from "the 
reply signal by which the dither was carried out" produced from different (that is, the dither was carried 
out) RF power amplitude. Arcing in a system can be characterized more by carrying out the dither of the 
power to one element, and observing the dither-ed reply signal of other elements. For example, under a 
quiet arcing condition, the amplitude of the component of the arcing signal from the 2nd plasma joint 
component E2 increases 1% by making the power supplied to a certain plasma joint component El 
increase by 1%. Under a more intense arcing condition, the amplitude of the above-mentioned 
component of E2 increases 2% by making the power supplied to El increase by 1%. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web__cgi_ejje 9/19/2005 



JP,2001-516940,A [DETAILED DESCRIPTION] 



Page 10 of 17 



[0043] carrying out the dither of the amplitude of RF power supplied to the 1st element, and observing 
the reply signal of the 2nd element of a dither-ed — in addition, the same effectiveness is seen also by 
carrying out the dither of the amplitude of the power supplied to a certain component, and measuring the 
dither-ed reply signal component from the same component. Furthermore, not only the field (namely, 
arcing field) that the violence of arcing and arcing have produced but the effectiveness which carries out 
the dither of the RF power amplitude is. It is dependent on which plasma joint component is producing 
arcing. A specific dither-ed reply signal profile corresponds to the violence, the specific specific arcing 
factor, and/or the specific specific arcing field of arcing. The violence, the detected arcing factor, and/or 
the detected arcing field of detected arcing can be determined by adjusting the dither-ed reply signal 
which had the detected dither-ed (that is, measured) response profile memorized as a result. 
[0044] The databases of the usual arcing condition are collected during processing, and are compiled. 
An example of the procedure for generating this database is shown by the flow chart shown in drawing 8 
and drawing 9 . The given system is tested under the various operating conditions for building the 
database for these systems. This system may be a newly designed system, and about data, can be 
obtained just before an equipment manufacture phase, and, thereby, can perform a database and the 
control software in the manufacture phase of equipment. Or it can prepare for said format or equipment 
of a format which could obtain the database a specific format / for the equipments of a format, and 
supplied a database and the control software by this to existing equipment again based on remodeling 
the old mold equipment, or was newly generated, system characterization **** (that is, a database is 
formed in order to supply the "map" which can be used in down stream processing later) equipped with 
three plasma joint components in the example shown in drawing 8 and drawing 9 . The parameter which 
is changing about this test is each amount of RF power supplied to three plasma joint components. 
While the procedure in this example changes only three power level, a test procedure can change other 
parameters. Although these parameters have each frequency and phase of RF power signal currently 
supplied to said plasma joint component, they are not restricted to these. Furthermore, the data in a 
database can have the information about down stream processing after the last maintenance is 
performed, or the number of cycles, and, thereby, the information about generating (frequency and/or 
violence) of arcing produced as contamination of a system component and/or a result of a depression is 
supplied. 

[0045] Since a system is characterized by the amplitude of RF power supplied to each plasma joint 
component, a frequency, and the phase according to drawing 8 and the database generating procedure of. 
drawing 9 , it changes systematically over the useful whole operating range. The amplitude data by 
which the frequency spectrum (namely, components other than a fundamental wave and a higher 
harmonic wave) of an arcing signal is characterized are memorized by the database as a "spectrum 
profile" to each group of the power condition which the signal received from the circuit combined with 
the plasma was measured, and was tested. As shown in drawing 8 and drawing 9 , a phase 700 initializes 
system parameters other than RF power (for example, a gaseous mixture and a pressure) to a desired 
value. A phase 701 initializes all RF power level to zero. As for a phase 702, only the specified quantity 
(namely, related with P3 1 power phase) increments P3. Next, in a phase 703, the increment of P2 is 
carried out only for 1 (or 1 power phase). In a phase 704, PI increases only 1 power phase. In a phase 
705, the spectrum profile (this spectrum profile has the amplitude of one or more frequency 
components) corresponding to current power level is measured and memorized. Furthermore, a phase 
705 memorizes the present power level. In a phase 706, the amplitude of the signal component received 
from the circuit combined with the plasma is measured in order to detect whether arcing arose or not 
(that is, did one or more amplitude exceed the predetermined threshold or not?). If arcing is detected, the 
flow of a procedure will go to a phase 707 and a phase 707 will detect the violence and/or frequency of 
arcing. About the violence of arcing, it can determine by using the further instrument which is sensitive 
to detecting very intense arcing like a photosensor in consideration of the above-mentioned amplitude 
measured in the phase 706 in some cases enough, and is obtained. If no arcing is detected, it judges 
whether the phase 710 reached the final value (namely, highest value expected information in obtaining 
a database) of PL When the final value of PI is reached, in a phase 71 1, PI is set as zero, and the 
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increment of P2 is carried out to the following value in a phase 703. 

[0046] intense and frequent arcing detects in a phase 707 having (that is, one or more of arcing signal 
amplitude having exceeded the "intense arcing" threshold, and/or an arcing event having arisen more 
frequently than the predetermined range) - the phase 716 of setting all power level as zero is performed. 
About the frequency of an arcing event, it can determine by, for example, counting the number of the 
arcing events generated within a specific period. 

[0047] After a phase 716 is completed, a phase 717 memorizes the spectrum profile relevant to intense 
arcing in a database besides record of three power level before and behind arcing, in order to determine 
which plasma joint component [ change of which power level, or ] caused intense arcing. In a phase 718, 
a system has a damage carrier beam part inspected, and these parts are exchanged. The result of said 
inspection is inputted into a database with the record about which part was exchanged, in order that 
which part may assist the decision about receiving damage under a specific arcing condition (phase 
726). Next, the power level of a system has an inclination attached in a phase 719 to the final value of 
P2 and P3 which did not produce arcing (ramped). A these "non-arcing" value is acquired from a 
database. In a phase 720, the record (inside of a database) which has the maximum-permissible possible 
value of PI to these [ P2 and P3 ] is broken. Next, to a phase 703, a procedure increments P2 to return, 
and a phase 703 is incremented to the following value, and a procedure is advanced. 
[0048] In a phase 707, if intense or frequent arcing is not detected, the flow of a procedure goes to the 
phase 708 of setting PI as zero. In a phase 709, P2 is inspected in order to judge whether it is a desired 
final value. Otherwise, as for a system, return and a procedure are advanced to a phase 703. If P2 is a 
final value, a system will be inspected in a phase 712, in order that P3 may judge whether it is in the 
final value for which information asks. If it is not a final value, as for a system, return and a procedure 
will be advanced to a phase 702. If P3 is in the final value, as for a system, a phase.713 is performed, 
and a phase 713 will be inspected in order to judge whether a test is repeated under the condition about a 
gaseous mixture different, for example or other processing parameters like a pressure of differing. If that 
is right, a test will be repeated by changing a suitable processing state in a phase 714, and returning to a 
phase 701 . A procedure will be ended if it is not necessary to change all other parameters (phase 715). 
[0049] Although the above-mentioned test procedure is performed by testing a system under two or 
more RF power amplitude, it can also perform other test procedures, furthermore — or [ for example, / 
recording systematically by the same approach as the power condition having been recorded and having 
browning-ized in the above-mentioned explanation corresponding to drawing 7 - drawing 9 about other 
parameters like a gaseous mixture a gaseous pressure, RF phase, and RF frequency ] — or it can be made 
to change Furthermore, it is the parameter which cannot be changed systematically and a system can be 
tested under the various conditions of the parameter which is the side effect (for example, the 
contamination/depression of a system covering progress of some down stream processing) of routine 
actuation of a system. About the rate from which a system will be in contamination / depression 
condition, it can be made to correlate with arcing data and, thereby, a suitable number about processing 
of the phase/cycle which can be performed until arcing arises, or until arcing becomes more frequently 
or intense of displays are given. Therefore, a maintenance can be planned when convenient. 
[0050] Although the above-mentioned procedure supplies the discrete point (namely, value of the finite 
number about a power property) of a finite number, about the spectrum profile which will be expected 
under the conditions between the sampled data points, it can opt for it with interpolation of the actually 
collected data. The important data point has the condition very near the signs of arcing other than the 
condition that quiet arcing arises. Especially the data point in which it is shown that quiet arcing has 
arisen and that such arcing is the sign of more intense arcing is important. Other important data points 
can have the condition that damage was able to be done during the test of the specific component in a 
system. The reason is because the display about whether the given spectrum profile gives warning about 
damage to the specific component in a system is given by inspecting the component which received 
damage. 

[0051] In order to process a substrate, when a system (the database is obtained for this system) is used, 
the spectrum profile of the signal received from the circuit combined with the plasma is supervised 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 9/19/2005 



JP,2001-516940,A [DETAILED DESCRIPTION] 



Page 12 of 17 



periodically or continuously, next, processing - or [ that, as for the data obtained in process, existence 
of arcing and/or violence, or intense arcing is approaching ] - or it is compared with the group of the 
known spectrum profile memorized by the database in order to judge whether it is likely to be generated 
or not. According to the alternative description of this invention, about the data obtained in down stream 
processing, it can use in order to update a neuron network or a database periodically. For example, 
although a normal response is presumed in down stream processing and after a series of down stream 
processing, if data which have done damage to the wafer or change from the data of a database are 
obtained, the actual engine performance of a system can be used in order to change a neuron network or 
the memorized database. According to other alternative descriptions of this invention, about an everyday 
test procedure (daily test procedure) similar to the procedure used in order to generate a neuron network 
or a database, it can perform in order to guarantee that/or a system operates appropriately in order to 
update a neuron network or a database. The everyday test may be similar to the training procedure or 
database generating procedure of a neuron network which was mentioned above and shown by the 
example in drawing 7 - drawing 9 . Or an everyday test may not be more comprehensive than the 
training procedure or database generating procedure of a neuron network again (that is, an everyday test 
procedure may test a system under a more nearly small-scale condition set). For example, about the 
initial value of PI , P2, and P3, you may set it as a higher value, and it may be set as lower level about/or 
the final value of PI, P2, and P3, and thereby, in an everyday test procedure, a system is tested covering 
the power level of the small range rather than it can set for a database generating procedure. 
Furthermore, about the value by which the increment of PI, P2, and P3 is carried out during an everyday 
test procedure, it may be larger than the value in a database generating procedure, and this is reducing 
the number of the data points collected during the everyday test procedure. 

[0052] Or a periodical test procedure may be performed day again by the frequency not more than 1 
time or more per or it. For example, spectrum information is acquired after down stream processing of a 
predetermined number, and which is used for the beginning of arcing with the intense group of a certain 
condition in order to judge whether it is approaching. Moreover, the condition of the same group 
generates a near profile by the profile in which the possibility of arcing, intense arcing, or frequent 
arcing exists more mostly , when a profile shows that the possibility of arcing, intense arcing, or more 
frequent arcing exists more mostly, an operator or a central control unit should give and have a display 
that a maintenance is needed — **. 

[0053] If the operational parameter about predetermined processing is separated from the operational 
parameter which probably makes it ** arcing produced about the operational parameter (for example, 
power level) of a predetermined group, the spectrum profile expected consists of a very small arcing 
signal, or does not need to have the arcing signal at all. However, arcing of an amount with specific 
measurable processing is decided, and as long as it needs remarkable high power level so that it may be 
generated (routinely), the spectrum profile expected may have the remarkable arcing signal. About this 
regular arcing, a fixed frequency component with a spectrum profile may expect that it becomes the 
bigger amplitude than other components. The amplitude by which the broadband signal as a function of 
a frequency observed in down stream processing was measured will resemble the profile in a database 
strictly. 

[0054] According to the description with this invention, it is recognized that arcing which puts on a 
certain component or location, and is produced may be produced by other components of a system. For 
example, when the neuron network is trained during system feature attachment and a test or the database 
is generated, it is observed so that the condition of a predetermined group may bring a result of arcing in 
an electrode El . furthermore, it is determined that arcing in El begins based on the increment in the 
power of E2 as a result of change (for example, the age, contamination, etc.) of other conditions of E2 
by the case or. the profile which was trained based on the information collected during 
training/generating procedure and which was outputted or measured — respectively -- processing 
about arcing in El in process, it is shown that it can use in order to tell an operator about a 
maintenance/exchange of E2 being needed. When it has furthermore improved, the cause of the arc in 
the location (namely, specific location of a component) where specific components are various can be 
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made to correlate with the cause or the probable cause about an arcing event. 

[0055] if the measured profile does not have consistency with the profile in a database within the limits 
of specific accuracy according to the further modality of the spectrum profile monitor description of this 
invention, and the amplitude of the frequency component of the input signal by which current 
measurement is carried out does not have consistency with the amplitude in a database within the limits 
of the precision of predetermined level namely,, a plasma control unit may perform an amendment 
operation. According to the violence of the mismatching of profiles, it warns an operator of a plasma 
control unit, or when intense, it interrupts processing. It mentions especially that the deflection of the 
constant rate of processing from the original profile is expected as that with which a chamber is 
gradually polluted by everyday use as the age of a system. The example of the procedure for supervising 
this deflection and answering the deflection of a parenthesis is shown in drawing 16 and drawing 17 . 
[0056] It inspects in order to judge whether the plasma control device was chosen based on initiation 
(phase 900) of a procedure as criteria for the frequency of an arcing event to determine the level in 
which the acceptance about the violence of arcing is possible (phase 924). If chosen, the frequency of an 
arcing event will be measured (phase 918). For example, about the frequency of an arcing event, it can 
determine, counting the number of the arcing events generated within a specific period for example, and 
by measuring the life time of a period. Or about the frequency of an arcing event, it can determine based 
on the amount of time amount between events, and about the amount of time amount between said 
events, timing measurement can be performed between two arcing events, or it can opt for such timing 
measurement by calculating a multiple-times deed and an average again. 

[0057] In order that said arcing event frequency may determine deflection level (level 1 -3), it is used 
(setting in a phase 920), and this deflection level is used later, in order to define whether it is separated 
only from which from the profile the detected profile was remembered to be. It is determined by the 
deflection of the profile detected from the memorized profile measuring the amount in which the 
amplitude of the various frequency components of the signal detected first is separated from the 
corresponding amplitude in a database, and then performing a mathematical operation (weighted mean) 
to the deflection between amplitude. 

[0058] In a phase 924, if arcing event frequency is not chosen in order to determine level 1 -3, level is 
set as a predetermined value and a procedure goes to a phase 901. In a phase 901, the profile (that is, 
measured) which the signal was received by the plasma control unit, and the plasma control unit 
measured the amplitude of various frequency components, and was detected based on such measured 
value is constituted (phase 902). The memorized profile corresponding to the plasma state expected to 
the processing performed now is searched from a database (phase 903). The amplitude is compared with 
the amplitude in the memorized profile each detected frequency component (that is, measured) "was 
detected' 1 "memorized", and the deflection of the amplitude (that is, measured) detected from the 
memorized amplitude data by this is determined (phase 904). Each memorized amplitude corresponds to 
the sub-band of a specific frequency. According to the alternative description of this invention, an 
operator can follow and display about the deflection between the amplitude of the detected arcing signal, 
and the amplitude of the memorized arcing signal (determined in the phase 904). 

[0059] A procedure goes to a phase 912, without not performing an amendment operation of what, either 
and also giving an operator what warning, if the deflection of the amplitude detected from the 
memorized amplitude data does not exceed the predetermined 1st precision level (phase 905). Although 
deflection exceeded this 1st precision level, if it is not over the 2nd precision level (phase 906), warning 
that a system may need a maintenance soon is given to an operator (phase 913). Although deflection is 
more intense, when it is not emergency (that is, it is not over the 3rd predetermined level in the phase 
908), an operator can give warning that the system needs the maintenance immediately (phase 914). The 
power control unit can be used in order, as for (a phase 908) and a plasma control unit, to perform halt 
actuation of RF power source, in [ most intense ] saying that the violence of arcing may do damage (that 
is, there is a danger that damage will occur soon to a system or workpiece), if it depends especially, and 
thereby, processing is suspended (phase 910). 

[0060] Furthermore, a system can also follow the occurrence frequency of an arcing event. Warning will 
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be given to an operator or a central control unit if this occurrence frequency exceeds a predetermined 
value. A system can also be stopped when intense. This description is shown in the flow chart of 
drawing 18 R> 8. The occurrence frequency of an arcing event is measured based on initiation of a 
routine (phase 900B) (phase 901B). If this frequency exceeds the 1st predetermined level (phase 905B), 
a procedure will progress to phase 906B. Otherwise, a procedure is ended (phase 912B). Phase 906B 
judges whether arcing event frequency exceeded the 2nd predetermined level higher than said 1st level. 
If arcing frequency is not over the 2nd level, an operator can give warning that a system may need a 
maintenance soon (phase 913B) 5 and a procedure is ended (phase 912B). In phase 906B, if arcing event 
frequency exceeds the 2nd level, a procedure will progress to 908B and phase 908B will measure arcing 
event frequency with the 3rd predetermined level higher than said 2nd level. If it is not over the 3rd 
level, warning that the system needs the maintenance immediately is given to an operator (phase 914B), 
and a procedure is ended (phase 912B). If arcing event frequency exceeds the 3rd level, every time it 
depends arcing especially, it is considered as what does damage to a system or workpiece, and the power 
control unit can be used for a plasma control unit in order to perform a shutdown procedure, and, 
thereby, processing will be suspended (phase 91 OB). 

[0061] Furthermore, about a database, it can use in order to offer the information (for example, the 
violence of arcing, a cause, and/or a location) about an arcing event, as shown in drawing 19 . The 
profile (that is, measured) which the signal was received by the plasma control unit, and the plasma 
control unit measured the amplitude of the various frequency components of the received signal based 
on initiation (phase 900C) of a procedure (phase 90 1C), and was detected based on such measured value 
is constituted (phase 902C). A database is searched in order to find the detected profile and the 
memorized profile to adjust (phase 930C). The amplitude with which the 1st of the 1st frequency 
component of the received signal (inside of the sub-band of the 1 st frequency) was detected more clearly 
is compared with the amplitude (this supports the sub-band of said 1st frequency) the 1st from a 
database was remembered to be. Furthermore, it can compare with the amplitude (this supports the sub- 
band of said 2nd frequency) the 2nd from a database was remembered to be about the amplitude with 
which the 2nd of the 2nd frequency component of the received signal (inside of the sub-band of the 2nd 
frequency) was detected. Furthermore, comparing the amplitude of the various frequency components of 
the received signal with the various amplitude memorized in the database is not necessarily restrained by 
only two sub-bands. Furthermore, it can compare with the amplitude from the database corresponding to 
a sub-band besides the above about the amplitude of the frequency component in other sub-bands. 
[0062] If the memorized profile which is adjusted in the detected profile is found (phase 932C), the 
information about the violence of arcing, the cause of arcing, and/or an arcing field will be received 
from a database (phase 936C). The violence of arcing, a cause, and/or a location are determined by 
making it correlate with the data which were able to obtain experientially the data sensed / detected. For 
example, although (1) Decided and generated about the violence of arcing Arcing which does not bring 
a result which does damage and is not connected with a more intense arc, (2) Although light damage is 
produced or damage completely is not produced, it can classify on three level called arcing it is 
experientially indicated to be to be connected with a more intense arc (namely, sign of intense arcing), 
and intense arcing which produces (3) damages. The cause of arcing may be determined by identifying 
the component which it corresponded [ component ] to the component which produces arcing, and 
produced change in the arcing condition for example, from the non-arcing condition and which changed 
(under a test). The data relevant to the identified component are memorized by the database. Next, about 
the data obtained in down stream processing, by comparing the data obtained in the production process 
with the data obtained during the test, it can use in order to identify the component or component which 
produces arcing (that is, the component or component which produces arcing is characterized by the test 
data). The field of arcing is determined by comparing with the data which obtain during a test the data 
further obtained in the production process by corresponding to the location which an arcing event 
produces, and you were made to correlate with a test data beforehand. 

[0063] In the example of drawing 19 , the information about the violence of arcing, a cause, and/or a 
field is displayed on an operator or a central control unit (phase 938C), and a procedure progresses to 
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phase 940C. Phase 940C judges whether it is that arcing may be harmful (that is, damage may be done 
to a system or workpiece) based on the violence of arcing, a cause, and/or a field. If that is right, a power 
control unit will reduce RF power supplied by RF power source, and will stop ** or RF power source 
(phase 910C). Next, a procedure is ended (phase 912C). In phase 940C, if it is not judged that arcing 
may be harmful, a procedure is ended, without reducing or stopping RF power (phase 912C). In phase 
932C, if the measured profile and the profile to adjust and which was memorized in the database are not 
found, warning that adjustment was not found is given to an operator or a central control unit (phase 
934C), and a procedure is ended at this point (phase 912C). 

[0064] Although RF power condition is fixed, it is recognized that the violence and/or frequency of 
arcing may change with time amount. More clearly, under some certain conditions, the level of arcing 
violence may increase, if the phase for preventing an increment is not performed. Furthermore, under 
some certain conditions, the frequency of an arcing event may increase, if suitable measurement is not 
performed. The information about the conditions which the violence and frequency of arcing can carry 
out by time amount between the database generating procedures explained in drawing 8 and drawing 9 is 
memorizable in a database. (It is shown in drawing 19 like) It is possible to predict when an arcing 
property is likely to become more violently or more frequent by taking into consideration adjusting the 
detected profile with the memorized profile, and the violence and arcing event frequency of arcing 
relevant to this profile. 

[0065] The further description of this invention is a plasma control device's being able to supervise the 
violence and frequency of an arcing event, and being able to stop processing temporarily in a certain 
case. A single arcing event is fully intense, or if arcing arises frequently at a non-foreword, it can 
interpret as signs that it says that a plasma control device has risk of a system or workpiece receiving 
damage based on the information collected by the database in this information, or damage was already 
able to be done. If it determines that a problem will be solvable when a plasma control unit stops the 
plasma temporarily, in order to control an arc, it will be interrupted temporarily, next RF power will 
return after predetermined time amount. The time amount needed for controlling an arc may be RF 
power of about 20 cycles, as it is dependent on the property of a system and is shown in drawing 4 A. 
(Depending on the existence of the plasma, this changes during a halt of the plasma) Electric Q (quality 
factor) of a plasma generating circuit can result in change to the time amount needed for controlling an 
arc. Furthermore, as it is dependent on the property of a system and the time amount needed for 
returning RF power is also shown in drawing 4 A, you may be RF power of about 2000 cycles. Suitable 
warning will be given to an operator or a central control unit (78 of drawing 10 ) if the plasma is stopped 
for a short time. As shown in drawing 4 B, if an arc is more intense, a plasma control unit can send the 
signal that a system should be fixed soon, according to the violence in question to an operator (for 
example, it had the display or the voice alarm) or a central control unit by an arc arising more 
frequently. In being the most intense, a plasma control unit suspends processing. 

[0066] It is also possible to change the consistency of power or a gas so that processing can be continued 
by one side by which the signs of intense arcing are avoided as other approaches of suspending a system 
to some fixed conditions (or fully delayed so that a maintenance can be performed). However, it is 
desirable to interrupt a power source so that a processing state may not deviate from the design 
specification of substrate processing now. 

[0067] As mentioned above, this invention offers the approach of using a neuron network, in order to 
prevent generating of an arc by predicting generating of an arc based on the repeatability inclination in 
the interrelation of some measurable parameters. In other words, a neuron network "is trained" in order 
to predict when an arc is likely to happen and to offer the time amount for exact measurement. The one 
approach of raising the sensibility to detection of a "micro arc" is the monitor of the frequency spectrum 
of such an electrical signal. A micro arc being not only detectable, but being able to predict by 
supervising the frequency spectrum of the electric component in a plasma system, and changing a 
spectrum component quickly by this shows the electric field in the plasma source distorted very much 
(highly straining). The recognition of such a spectrum content relevant to a neuron network which 
understands the relation of the frequency band of the spectrum of an electric component can offer the 
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approach of predicting generating of a future arc by the appropriate time amount for prevention. 
[0068] From the above-mentioned thing, the various descriptions of assisting this invention preventing / 
controlling arcing in a plasma treatment system which is not desirable are offered so that clearly. Detect 
arcing and the conventional system cannot control it until it is too late for preventing the damage over a 
system and workpiece. By contrast, this invention makes it possible it not only to enable early detection 
of the beginning of arcing or arcing, but to acquire the detailed information about the location and 
property of arcing based on the signal received from the circuit combined with the plasma. Therefore, 
the outstanding diagnosis is attained [ rather than ] about the cause of the improved protection and 
arcing to the damage effectiveness of arcing. The analysis of the measured input value also makes the 
unsuitable assembly of a system, or other problems like use similarly emerge. (Using a neuron network 
or a spectrum profile exchangeable) By testing a wafer, the further problem is also detectable. As an 
example of unsuitable use, change arises in the higher harmonic by which a wafer will be received if 
unsuitably exchanged for an electrostatic chuck. By detecting unsuitable installation or re-installation, 
this invention can reduce the overall consumption on a system. 

[0069] Clearly, many modification and modifications concerning this invention in view of above- 
mentioned instruction are possible. Therefore, in within the limits of the attached claim, he is an 
approach different from what was specifically explained in this specification, and it should be 
understood that this invention can be carried out. 
[Brief Description of the Drawings] 

[Drawing 1] A is drawing showing the example of inductive RF plasma system roughly. B is drawing 

showing roughly the example of RF plasma system driven in capacitive. 

[Drawing 2] It is the schematic diagram of the example of RF matching circuit network. 

[Drawing 3] It is drawing showing the current of the plasma - an electrical-potential-difference curve. 

[Drawing 4] A is the graph of the electrical potential difference in the node of the circuit combined with 

the plasma to low or moderate generating of arcing - time amount. B is the graph of the electrical 

potential difference in the node of the circuit combined with the plasma to frequent generating of arcing 

- time amount. 

[Drawing 5] A is drawing of the frequency spectrum of the signal received from the plasma system 
which is operating in the normal (there is no arcing) condition. B is the graph of the frequency spectrum 
of the signal received from the plasma system which arcing has generated. Arcing occurs and C is the 
graph of the frequency spectrum of the electrical signal from a plasma system when the arcing signal in 
a certain fixed frequency is larger than the arcing signal in other frequencies. 

[Drawing 6] A is a schematic diagram of the operation gestalt about down KOMBATINGU which has a 
mixer and a low-pass filter, and a filtering circuit used in 1 operation gestalt for measuring the amplitude 
of a spectrum component. B is a schematic diagram of other operation gestalten about down 
KOMBATINGU which has rectifier diode and a low-pass filter, and a filtering circuit used in other 
operation gestalten for measuring the amplitude of a spectrum component. 

[Drawing 7] It is the schematic diagram of the neuron network trained so that arcing in RF plasma 
system might be detected / predicted. 

[Drawing 8] It is the example of the flow chart of the procedure used in order to collect the arcing 
information for using in RF plasma system. 
[Drawing 9] It is the same drawing as drawing 8 . 

[Drawing 10] It is drawing showing the example of RF (ESRF) system covered electrostatic. 
[Drawing 11] It is the block diagram of the example of a plasma control device. 
[Drawing 12] It is the block diagram of the 1st operation gestalt of a transducer. 
[Drawing 13] It is the block diagram of the 2nd operation gestalt of a transducer. 
[Drawing 14] It is the block diagram of the operation gestalt of signal division equipment. 
[Drawing 15] It is the block diagram of the operation gestalt of A/D-conversion equipment. 
[Drawing 16] It is the example of the flow chart of the procedure used in order to analyze an arcing 
signal in RF plasma system. 

[Drawing 17] It is the same drawing as drawing 16 . 
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[Drawing 18] It is the example of the flow chart of the procedure used in order to analyze arcing event 
frequency in RF plasma system. 

[Drawing 19] It is the example of the flow chart of the procedure used in order to determine the violence 
of arcing in RF plasma system, a cause, and/or a field. 

[Drawing 201 It is drawing showing roughly the example of the computer system for using as a plasma 
control unit or a central control unit. 
[Description of Notations] 

1 Processing Chamber 2 Plasma Fields 3, 3A, 3B, and 3C RF source 4 Semiconductor wafer 5 Coil 5A 
inductivity coil 5B Capacitive bias shielding 5C The chuck five El, five E2 Electrode 6 The gas inlet 
port 20 impedance-matching network 22 The plasma generating circuit 65 local-oscillator source 70 A 
cable 77 plasma control unit 77 A A converter 77 A 1 AID converter 77 A2 Signal division equipment 77 
A3 A/D-conversion equipment 77B Central processing unit 77C power control unit 7702 Input-signal 
input port 7704 Power control unit output port 7745 A splitter 7760 processing signal ports 7761-776n 
Channels 7780 and 7790 Digital port 7781-778n channel 78 Central control units 80A and 80B, 80C 
matching circuit network 1 100 A computer system 1 102 housing 1 104 Mother board 1 106 central 
processing unit 1 108 Memory 1110 Marker card 1112 Hard disk 1114 Floppy disk drive 1118 The 
compact disk reader 1119 compact disk 1 120 monitor 1 122 Keyboard 1 124 Mouse 1 126 analog-digital 
(A/D) input 1 128 The communication link port DCR1 - DCRn Down converter 



[Translation done.] 
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